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PLEASE READ THIS 
DISCLAIMER. 


Neither the author nor the publishing company 
accepts any responsibility for accidents, injuries or any 
other problem arising from the use of data reported in 
this book or any part thereof. Although every effort 
was made to be accurate, much of the information ts a 
result of experience and tests that go back numerous 
years by many people. Apply this data with common 
sense and caution. The use of firearms involves many 
variables, any one of which could influence the 
ultimate result and possibly cause injury or death. 
Therefore, we must disclaim all possible liability, 
consequential, incidental, actual or otherwise, for any 
damages or injuries caused by the use of this 
information which is supplied without representation 
or warranty of any kind. 


The technical data in this book 15 of value to 
police officers, hunters, target shooters, reloaders, trap 
shooters, experimenters, and research people. Nothing 
printed here is intended to encourage criminal activity 
or the unlawful killing of animals. 


FOREWORD 


The original version of this book received great reviews by marry 
major gun magazines, and was well received by the general public. But as 
good as it was, several subjects were not included or described well enough. 
This new edition, with its rewriting, additional charts, more drawings, 
extended pages, and extra chapter, will attempt to correct this matter. 

Forget the idea that even advanced ballistics is too complicated for 
the average person. If explained properly (and this book will try hard to do 
that) it is within the ability of almost anyone. And the enduring fear of 
mathematics can be forgotten. It is included for the reader wants to calculate 
something and it helps in understanding, but it can be skipped. Although 
reading it may be helpful because the reader will pain knowledge and 
comprehension, even if he or she does not realize it at the time. 

Personal opinions, as opposed to proven facts known to the 
scientific community, have no place in a book of this type. Many writers 
sprinkle them liberally throughout the text with "I" this and "I" that. "I" will 
not be used in that context except in this foreword, The reader is not 
interested in my personal opinion; only the facts as determined by the laws 
of mechanical physics, and testing, 

Books, articles, and bar room conversations are full of errors that 
will be corrected. For the most part, people will not intentionally make false 
statements, but few in the general public have the engineering and technical 
background to realize their mistakes. If one person says or writes something 
that sounds reasonable, many will believe it and pass it on as the truth. 

Phraseology is a concern. The reader with a Ph. D. will desire à 
different style of writing than a gun enthusiast with an eighth grade 
education. Yet both have an equal status. And all readers may not have an 
equal knowledge of firearms. Nevertheless, it is important to use words that 
describe things properly because most readers can follow a text even if a few 
of the words go over their head. Not all words are used in science in the 
same way as in common usage, and all special subjects have their own slang. 
For guidance, there is a glossary of ballistic words at the back of the book. 

We all have strong opinions. That is our right. It is also our 
responsibility to change our position if it is overcome by intelligent facts to 
the contrary. Many people are nol up to this challenge. These controversial 
arcas will be covered with objectivity and without my personal opinion. 

Our knowledge increases each year. Yet what we know is as trivial 
as а whisper in a vast desert, How much wisdom is ignored because it does 
not fit into our pattern of accepted thought? How much is looked at but not 
seen? Read with an open mind. When the door to knowledge 15 opened even 
the smallest crack, the light of curiosity will tempt us to open it wider. 


Robert A. Rinker 


CHAPTER 1 


FIREARM OPERATION & BASIC HISTORY 


Some people believe that it is just as well to ignore ballistic 
technical details and concentrate on shooting. Most intelligent sportsman and 
police officers believe it is best to help the odds by learning as much as 
possible. Science does not have to be boring. Okay, some of it is nerdy and 
dull, but it can also be interesting and exciting. 

To fully understand any section of this book, knowledge of other 
areas may be required. The subjects are all intertwined and meshed together. 
Like a jigsaw puzzle, each piece depends on several other pieces and most 
need to be in place before the picture can be seen. 


FIREARM OPERATION — All explained in detail in later chapters. 

Only a few hunters or target shooters realize the thousands of 
complex chemical and physical actions that occur in the small fraction of a 
second between the firing pin striking the primer and the projectiles impact. 
It almost seems as if it 15 instantaneous. 

There are a series of actions or operations that every firearm must 
go through, whether 22 caliber revolver or a .50 caliber machine gun. The 
order may be different and some of the steps may be performed by hand and 
some by an automatic action of the mechanism, but the end result is always 
the sume, the ejection of a projectile on an arc known as a ballistic curve 
toward the target. (No, it is not a parabolic curve, but we will discuss that 
later in Chapter 17.) 

The sequence of events usually begins with pulling the tigger. 
Through mechanical means, the firing pin strikes the primer. This creates a 
tiny explosion. Not shock but heat flashes through the hole and ignites the 
powder, The powder docs not explode but burns very rapidly. The surface of 
the grains begins to change from a solid to a gas. This process rapidly 
spreads inward. The nitrocellulose molecules separate from the composition 
and create smaller molecules that move away аі high speed, These rapidly 
moving molecules exert a pressure against each other and the cartridge walls, 
chamber walls, bore, the bullet's base and everything else they come in 
contact with, When the pressure has built up to a sufficient level, known as 
short shot, the bullet will start to move because the pressure is greater than 
the holding force of the case neck. This may push the primer backwards in 
the pocket while the case is held forward. As the powder burns, the pressure 
and temperature rise rapidly. The pressure increases and the neck and body 
walls of the case expand to meet and grasp the inside chamber walls. The 


case will stretch some lengthwise with the thinnest sidewall, if one exists, 
stretching the most both lengthwise and radially. 

The bullet is pushed out of the case by the pressure and into the 
rifling in the bore, As the bullet moves, the volume of the burning chamber 
increases, requiring more gas to maintain the pressure level. The molecules 
continue to move rapidly and maintain their push against the base to 
accelerate the bullet. By the time the bullet has moved only a few calibers, 
the rate of additional volume has caught up with the rate of gas generation, 
and the pressure has reached its maximum level or peak. The hot gas extends 
evenly through the bore behind the bullet as it expands to over 1,000 
(thousand) times the volume of the original powder charge. The average 
velocity of the molecules begins to decrease because of momentum lost to 
the bullet. The ever-increasing volume that they must occupy reduces the 
frequency of molecular collisions and their temperature and pressure. 
Meanwhile, the bullet continues to accelerate as it rotates its way toward the 
opening at the muzzle, 

If the peak pressure is low, the cartridge brass will not have taken a 
set and will return to almost its original state as the pressure drops. If the 
peak pressure is more than the elastic limit of the brass, the case will hold its 
new size, The elastic limit is the greatest stress that can be applied without 
leaving a permanent deformation upon release of the pressure. 

The case head will move back and hit the bolt face ar breech face. If 
the head is not square with the case walls, it may or may not be permanently 
squared, depending on the head-space, temperature in the chamber, peak 
pressure, and the modulus of elasticity and resilience of the brass case. This 
unpact of the case head may contribute to a barrel whip. 

That is a lot to happen in such a short time, perhaps about .003 of a 
second, (3 thousandths of a second.) More or less. Later, for an interior 
ballistics study, we will break these items down and study each on its 
own and how they relate to each other, 

Throughout this rapid sequence of events, the breech would have 
been locked to keep the pressure from escaping in any direction except out 
the muzzle. A pump handle, bolt, or some other mechanical operation must 
unlock the breech, It may be either by hand or automatic. The case will have 
to be extracted and ejected. These seem like one operation but they are really 
two separate actions that may be performed with one as the continuation of 
the other. Somewhere in this sequence, the fring mechanism should be 
cocked and made ready by storing energy in the firing pin for the next shot. 
Another cartridge could be fed inta the chamber to replace the ejected case. 
The breechblock must again be locked to retain the hot expanding gases that 
will be developed when the gun is again fired. 

The shooter feels a kick to his shoulder or hand as the gun recoils 
from the reaction to the bullet. This recoil is a precise measurement that can 


be stated in foot pounds of energy, which may or may not be the same as the 
kick the shooter feels. 

The bullet leaves the muzzle for the exterior flight toward the 
target. At this point it becomes a projectile. Its curve is acted upon by gravity 
and air resistance and affected and controlled by gyroscopic action imparted 
by the spin from the rifling in the bore. It is influenced by nutation, yaw, spin 
drift, the earth's rotation, and dozens of other phenomena that most 
sportsmen, hunters, and other shooters have never heard of. The wind 
attempts to either blow it to one side or speed it up or slow it down, 
depending on the direction it is blowing from. Momentum is both its savior 
and its enemy. 

If the projectile strikes an object such as a twig as it flies toward the 
target, it may ricochet off in a new direction or shatter into pieces. It also 
could break off the twig and continue on as if nothing had happened. 

The laws of nature that affect and exert control over a projectile 
from a high-powered rifle also have the same influence over a handgun 
projectile, a shotgun slug, a shotgun load of pellets, ar about anything else 
that is launched or fired on a trajectory. 

At the target, the flight may be over, but the work is not finished. 
The main purpose of the trip is yet ta be done. The projectile has to penetrate 
and expand, as the job requires. For a paper target, it may be easy and the job 
about finished. If the object is to stop a large grizzly bear thal is attacking 
someone, there is a lot of serious work yet to do. And it has ta be done fast 
and efficiently with no room for errors. 

Only a few of the hundred or more actions on a bullet/projectile are 
mentioned here because they all will be discussed in the following chapters. 
Frankly, to list any more here is a waste of time and space. The main thing to 
remember at this point is that there is much to study, and it is not all as it 
first appears. That is not to sav that any of the laws of physics or chemistry 
are strange or mysterious. Mot at all. But nature does not always do what we 
want or expect. 


DIVISIONS of BALLISTIC STUDY 

The ballistics phenomenon is divided inta four independent areas. 
We will discuss three in detail and briefly touch on the fourth. The first three 
are intertwined and meshed tagether by their physics but they are divided by 
their location. Some students of ballistics believe that it is filled with inexact 
and uncertain details, but the laws of nature cover them very well. The basic 
laws of momentum, deceleration, gravity, еіс, cover all the actions 
completely, That isn't to say it is simple. Far from it. 

(1) Interior ballistics covers what takes place inside the firearm. 
This concerns powders, ignition, bore friction, pressure, etc. While the facts 
are just those, facts, they cannot easily be seen, Therefore, they have to be 
taken by the average reader on faith. 


(2) Exterior ballistics takes over as soon as the bullet leaves the 
barrel. It covers the flight of the projectile from muzzle exit to impact. 

(3) Terminal ballistics, This term, although incorrect in some 
respects, is used for the science of how the projectile and target (paper, game 
or human in self-defense) react at impact and in the following seconds or 
Minutes, 

(4) Forensic ballistics is discussed briefly in Chapter 28. It is the 
subject area used by police crime laboratories for bullet comparison, and 
other special operations involved in criminal investigation. It is the 
application of science to law in identifying used cases and fired bullets and 
connecting them to à particular firearm. Many crime laboratories use this 
book for the first three subject areas, but our discussion of forensic ballistics 
is 100 basic for professional application. Nevertheless, it is included because 
апу serious student of ballistics will have an interest in the “how and why" of 
forensic operations. 

Some of these subjects can be confusing because not everything in 
the world is as we see it or believe it to be. Multi-colored rainbows and our 
own mirror-reflections are clearly visible and can be photographed, yet from 
a substance standpoint, neither one exists. 

The total number of physical factors that are involved in the 
problems of interior and exterior ballistics is almost infinite. Only careful 
testing and computations justify the elimination of most of them. 


A BRIEF HISTORY OF BALLISTIC STUDY 

Much can be learned from the history of the science of ballistics. Its 
different eras are marked by many ingenious and elaborate experiments and 
by investigations of the highest value. Like most other sciences, the theories 
and methods of one period have been found inadequate for the problems of 
later times. Occasionally this has led to entirely new mathematical 
techniques for handling the problems. 

The practical handling of artillery and small-arms trajectories 
extends back not only to the first use of gunpowder as a propellant, but to the 
crossbow and the catapult. The bible scriptures mention early ballistics and 
ше devices that hurled stones from the walls of Jerusalem in about 800 
B. C. 

Prior to the early 1500s, references to the shape of the trajectory 
speak of the first part as a straight line, the middle part as the arc of a circle, 
and the last part as a straight line again. (That was wrong.) 

The science of ballistics is usually considered to have been started 
by the Italian physicist Niccolò (Nicholas) Tartaglia (15007-1557) who 
published a treatise, Nuova Scienza, on falling bodies and the flight and 
range of projectiles in 1537. He demonstrated that a trajectory is curved 
throughout, which was true, and attained a maximum range al an angle of 
departure of 45°, which was wrong, | 


Galileo. (1564-1642) in his fourth Dialogue on Mechanics, 
demonstrated that the path described by a projectile, being the result of a 
joining of a uniform transverse motion with a uniformly accelerated vertical 
motion, must be a parabola with a vertical axis. (Don't give up if the big 
words throw you. They will all be explained later and the subjects will all 
become clearer. Besides, Galileo was also wrong.) 

Sir Isaac Newton (1642-1727) was the first to take into 
consideration the air resistance. As a deduction from basic physical laws, he 
showed that when the velocity is so little in comparison with the mobility of 
the air as to make it possible to ignore the decrease of pressure in the rear of 
a projectile, and the streamline motion of the air generally, then the 
resistance must vary as the square of the velocity. (Don't worry if that 
gruesome detail is confusing. As you will understand later, it doesn't matter.) 
To test these basic principles and to determine the constants involved, he 
dropped from the dome of St. Paul's Cathedral, various weight spheres filled 
individually with air, water, or mercury, thus repeating Galileo's research 
only with new refinements. Mewton's results, while in themselves 
satisfactory. were soon found not to be directly relevant because they dealt 
with ideal conditions not found in the real world. (As we shall see later, he 
wasn't completely right either, but he was getting closer; especially at low 
velocity.) 

Instruments in the form of rotating vanes, similar to the 
anemometers employed by the Weather Bureau, have been used as the basis 
of computations by numerous investigators, such as Borda, Didion, Hutton, 
Morin, Piobert, Thibault, etc. 

Benjamin Robins published his New Principles of Gunnery in 1742. 
It was based upon results obtained from using his ballistic pendulum. This 
was the first device to record, with any degree of accuracy, the velocities of 
projectiles. While Newton's results were confirmed at velocities under about 
900 fp.s, Robins was able to measure velocities up to 1,700 £p.s. The 
discrepancies between observation and the square law became enormous. 
Hutton in England completed further extensive measurements by the ballistic 
pendulum in 1791 and by the Commission de Metz in France (Piobert, 
Morin, Didion) in 1839-1840. 

In 1840, the practical use of the ballistic pendulum became 
obsolete. That was when Wheatstone suggested measuring the velocity of 
the projectile through time intervals. This was recorded by means of electric 
contacts influenced as the projectile passed through successive screens at 
carefully measured distances. Of course, this was the forerunner of modern 
chronographs. 

Mathematical solutions for air resistance have gone through various 
historical periods. For a long time, air resistance was ignored, No one knew 
of its existence. Then the scientists of their time started using complete 
mathematical solutions obtained by Bernoulli's method. This was incorrect. 


Next were methods that reached approximate solutions through 
numerical integration and other ways that are explained in Chapter 14. A few 
other methods were tried with little success. Today we use variations of what 
is actually an old method from the early 1900s, updated by the use of 
modem computers. 


VARIABLES & FACTS 

No two guns are exacily alike, nor are loads of powder, bullets, 
primers, or anything else connected with ballistics, The variables are why 
ballistics is not ав precise or accurate a science as we wish it were. The 
mathematics may be precise, for example, but the numbers fed into the 
equations are based on variable amounts. That is why the figures for your 
gun or situation may be different from someone else's, and yet both can be 
comect. 

Now that we have said that, we must mention that the figures that 
ballisticians arrive at are not just theory, even with the variables. A large 
amount of experimentation and the laws of physics are involved in any 
result, Nothing is unsubstantiated or guessed at, but worked out by testing, 
testing, and more testing, 

Ballistics can be a frustrating area of science. There are so many 
variables that it is almost impossible to use formulas that are based on 
known laws of physics without also including information from actual tests. 
The expression, if all else is equal, or something similar, will be used 
frequently in regard to experiments. And getting all other things equal is not 
as easy as it sounds because it has to be done in a literal sense, not a 
figurative one. 

Most of the information presented is not in doubt, People шау 
quarrel or bicker over technical areas they do nol understand, but it is, 
nevertheless, fact not fiction. A few areas, notably tenninal ballistics and 
brush deflection, are hotly argued. This book will always try to give the 
correct answer to cach problem even if public opinion is counter to that 
answer. A democratic system does not work in scientific technology. A poll 
where 80% believe one answer is correct and 20% another does not make the 
80% answer correct. 

Probably 98% of firearm ballistics is not controversial. It is based 
on scientific facts that have been proven by tests conducted on the firing 
range and in the laboratory. A few areas are subject to different beliefs, 
depending on which authority is giving the opinion. Luckily, there are very 
few points with inexact and undetermined answers. All subjects that fall into 
this category will be identified. In other words, if it is controversial, that will 
be pointed out. A lot of text, sketches, and mathematics are in the form of 
proof, Some readers will take what is said on faith and others will need 
evidence and confirmation, 


A BRIEF FABLE 

Ав a method of slowing easing into the scientific study of ballistics, 
let's review a short scene that will demonstrate how knowledge of ballistics 
can be helpful. 

It was a cold morning in the high hill country with a light drizzle 
falling. Steve was chilled to the bone. If it were a few degrees colder it would 
freeze or snow. The Гор of the mountain was hidden by mist like a veil 
conceals the face of a grieving widaw. 

Slowly the hunter looked over the cliffs, Afler what seemed like a 
long time, he spotted his game standing on a bluff high above him but still 
well below the wind blown mist. Steve knew the animal hadn't seen him. He 
also knew it wouldn't smell him because there was a strong wind blowing 
down the valley from his left, which caused the rain io wel his left xide. A 
high mountain blocked the wind from the game and the last three fourths of 
the range, but Steve could feel the wind was strong where he was. He 
shivered from the wind chill as he raised his bolt action .30-'06 rifle. A quick 
guess told him the range was 300 yards across with another 300 yards up. 
He thought the elevation angle looked like about 45 degrees. 

Steve's heart started to beat faster from excitement. He forgot that 
he had a piece of plastic electric tape stuck over the muzzle fo keep out 
moisture and dirt, Ах he placed the rifle buit io his shoulder and looked 
through the scope, he wondered if he was correct in trusting ammo that had 
been stored for ten years and then he remembered that he had not cleaned 
the harrel affer sighting in the gun the previous day. Strange what a person 
will think of during stressful moments. 

Steve had sighted the gun at 300 yards so he figured the 45° angle 
was farther and raised the cross hairs about 4" for the extra drop. Then he 
aimed 5" higher because he wanted to offset the gravity of the steep up-hill 
angle for a total allowance af 9". Ar the last minute he remembered the left 
cross wind but he decided it was only blowing strong near him and not on 
the rest of the bullet's path, so he did not correct for what he thought was 
about a 10-mph wind. As the cross hairs lined on his aim-point he inhaled a 
slow breath of cold air into his lungs. He held it for a second and then, as his 
Jinger tightened on the trigger, the rifle butt kicked his shoulder. 

That is enough. Think about it and decide if he would score a direct 
hit on his trophy or perhaps a wild shot that misses. Then check to see how 
you would do after reading the book. No cheating. Read the book first, not 
the answer. On page 385, after these subjects and many more have been 
discussed, we will decide how Steve would have made out. 


CHAPTER 2 


MATHEMATICS 


The casual reader may disregard the mathematics that is included in 
this book and still gain a great amount of knowledge. So why is the math 
included? There are two main reasons. First, readers that can follow the 
math will gain a deeper understanding of ballistics. Second, there may be 
occasions when the reader will want information that can be obtained by 
working out a problem. Wind drift and rifling twist are two common 
problems that are easy to solve. 

In every case, the mathematics may be omitted if the reader so 
wishes, The text itself will give a good understanding of each subject area. 
When there is math presented, as there will be in most sections, it will 
usually be explained in easy terms, An attempt will be made to show the 
reasons behind each step instead of just listing the formula with no 
background or details, Every effort will be made to give the reader an 
understanding of the material without the math. But, it the reader 
studies and understands the math, not only can he or she obtain answers 
to questions, it will also give a deeper grasp of the subject. In many 
instances, the math confirms that a statement or comment is à proven truth 
rather than a theory. 

The majority of the mathematics in this book is easy if you use à 
scientific calculator, Even if you flunked math in school, you can still work 
the problems. If you don't have a scientific calculator, it would be advisable 
to purchase one. It is not necessary to have an expensive model A few 
dollars spent at a discount store will do. A regular calculator is a great help, 
but the scientific models will do things with a keystroke that the others will 
require tables and tedious calculations. A scientific model will enable 
someone who doesn't understand trigonometry to work trigonometry 
formulas. The manual for the calculator is valuable. Refer to it as needed, 

The math formulas given are the casiest that will do the job, 
usually. Sometimes great accuracy is required and if several formulas are 
available tlie easiest will not always be as accurate. In this case, two or more 
formulas will be given as roads to the same answer. Rules of thumb and their 
simplistic math are included where appropriate. 

The mathematician and astronomer Carl Friedrich Gauss, the 
Gerinan genius who dominated the field in the 19th. Century, said, "Nothing 
shows the lack of mathematical education more clearly than excessive 
accuracy in calculating." There are practical limits that vary from problem to 
problem, but in each case, there is no need to exceed them. (Although most 
of our examples exceed what is necessary. ) 


BULLET WEIGHT 

To convert from pounds to grains or from grains to pounds is 
common in calculations involving ballistics. The formulas will not work if 
the wrong numbers are used and yet this is a frequent mistake. If you have 
pounds, multiply by 7,000 to obtain grains. If vou have grains, divide by 
7,000 to obtain pounds. With even the cheapest calculator it is very simple. 
The hard part is remembering to do it Example: 200 grains divided by 
7,000 = (0285 pounds. 
DRAM EQUIVALENT 

A dram is a unit of weight just slightly larger than 27 grains. (1 
dram = 1/16 of an ounce or 27-11/32 grains or 1/256 of a pound) It was the 
standard measurement for black powder. Today, powder is managed 
differently, and there is no known method to safely weigh or measure 
smokeless powder and be sure to have a dram equivalent. It would be 
necessary to know the characteristics of the powder and how many grains 
would give the same pressure as the dram of black powder. (1 grain 1/7000 
of a pound) 
CONSISTENT UNITS 

All units used in a problem must be consistent. This is one of the 
major causes of wrong answers. If the person is lucky, it will be by such a 
huge amount that an error is obvious. If the formula calls for grains, pounds 
will not work. If yards are needed, feet will not give the correct answer. 
FEET PER SECOND AND MILES PER HOUR 

A fast way to convert feet per second (fp.s.) to miles per hour 
(mph) is to divide the f.p.s. by 3 and multiply the answer by 2. The result 
will be within 3%, Need the answer dead on? Multiply the f.p.s. by 0.6818 to 
obtain mph or by 0.0114 for miles per minute (m.p.m ). Example: 900 f.p.s, 
divided by 3 = 300 times 2 = 600 mph Example: 900 f.p.s. times 0.6818 = 
613.6 mph Example: 900 f£. p.s. times .0114 = 10.26 m.p.m. 


For readers who prefer a chart: 

fps. mph fp. mph 
800 545 2000 1364 
D00 614 2100 1432 
1000 682 2200 1500 
1100 750 2400 1636 
1200 818 2600 1773 
1300 886 2800 1909 
1400 955 3000 2045 
1500 1023 3200 2182 
1600 1091 3400 2318 
1700 1159 3600 2454 
1800 1227 3800 2591 
1900 1295 4000 2727 


CONVERSION TABLES FOR BALLISTICS 


Multiply ounces by 437.5 to obtain grains 
" pounds "t 7000 — " = grains 
д grams 2 1543 " з grains 
" — rains А 00648 " : grams 
" degrees х 6 ш s: minutes 
n degrees " 3600 — " a seconds 
= itet ч (0.3048 ^" " meters 
" — feel м 0.3333. " н yards 
"еве à" 0.6818 " : mph 
" meters " 338]  " А feet 
E meters " 1.054 E " yards 
и miles/hr. " L467 * t feet/sec. 
Ё yards а 09144 " > meters 

SYMBOLS 


The use of computers has changed the symbols used in 
formulas. An asterisk ( Ж ) is used instead of an ( x ) to indicate 
multiplication. A slash mark ( / ) indicates division. The number to the 
left is the numerator ( top number ) and to the right is the denominator 
( bottom number ). At first, this may look strange. Just remember that 
when you see an Ж, it means to multiply the same as if the symbol had 
been x. This method is used in many books, partly to avoid confusion 
between the multiplication sign and an x used for an unknown. 

While we are discussing fractions, an inverse proportion or to Vary 
inversely are just fancy words that mean as one quantity increases, the other 
decreases. As one goes up, the other goes down or the other way around. 

A later section has a few formulas that use the Greek sigma. (с) If 
you are not familiar with it, don't be concemed. Swiss mathematician 
Leonard Euler established sigma as the symbol for the sum of a finite 
number. Sum is thé key word as it is used ta indicate the process of adding. 
When working on problems involving average or central tendency, 1t is used 
for cumulation (successive additions). 

SCIENTIFIC NOTATION FOR HUGE NUMBERS 

Frequently the numbers involved are long with a lot of zeros. Many 
calculators cannot accept over 8 digits and that is not enough for some of 
these problems. 

There is à method to handle extra long numbers called scientific 
notation, The huge number is expressed as a mantissa or base number limes 
10 and raised to an exponent or power. Confused? It means to take the base 
number times 10 and raise to a power by multiplying it by itself the amount 
of times the power indicates. The decimal point is placed the number of 
spaces as the exponent. + or - can be used for positive or negative numbers, 
Positive shifts the decimal to the right and negative to the left, 
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Example: (Mantissa * 10 power.) 3.8895 * 10° = 388,950,000, 
The decimal is moved 8 places to the right (positive) adding zeros as 
required. 

Example: 3.7982 * 10^ = .000 000 000 000 000 37982 
The decimal is moved 16 places to the left (negative) adding zeros as 
required. 

Most modern scientific calculators have keys for scientific notation, 
Check your manual or instruction book. 


The following are two formulas using scientific notation. 
Energy = 1/2 mv! = (bullet weight) v^ / 4.51 (10°) 
momentum = m= (bullet weight) v / 2.25 (10°) 


Don't let that scare you. First, it is not as hard as it looks and 
second, both of those formulas have much easier versions in their own 
chapters. And to repeat what has already been said; even if vou cannot add 2 
plus 2 and get 4, most ballistic science can be understood without the 
math, but it must be included for the readers that want it. Sort of like 
pickles on a sandwich. Most places give them to you, but if you don't 
want them, you may skip them. 

Formulas may be expressed in different ways. If the proper numbers 
are put into the formula and it is worked correctly, then the answer will be 
what is requested. But there may be different ways of expressing the same 
thing. Formulas can use different information or equations can be combined 
together. Therefor we could arrive at the same place by a different road. For 
example, we can say the sine of angle x is y. We can also say y — sine x. 
Both look and sound different but they say the same thing. 
TRIGONOMETRY 

Many students panic at the thought of studying trigonometry. They 
hear stories of how difficult it is and that it is impossible to understand. This 
is not true for most people. Especially as we work the problems within this 
book. With a scientific calculator, most trig. problems can be worked 
without understanding the theory by inserting the proper numbers in the 
equation and pressing the correct keys. Except for introducing a few new 
words and using some strange looking letters from the Greek alphabet, 
trigonometry should create no problems. The computations are, for the most 
part, just simple algebra or arithmetic. The formulae are important and must 
be followed carefully in the proper order and with the proper units. 

While it would be nice if a few of the readers who know nothing of 
trigonometry would become interested and want to learn more, the main idea 
is to be able to work the problems in this book. With a calculator and a little 
thought, this can be done. 

Trigonometry is simply the study of triangles and the relationship or 
ratios between the sides and the angles. It can also be applied to other 
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problems in which angles or directions are involved. For example, if a gun is 
pointed 15 degrees cast of north and the barrel is at an angle of 22 degrees 
with the horizon, trigonometry would be involved in any calculations. These 
ratios are represented by the cosine (cos), sine (sin) and tangent (tan). These 
change in numerical value as the size of the angle changes. 

Angles are kept separated by using Greek letters to denote them. 
Lower case theta Gand beta р are examples. Each time these are required, 
it will be explained and easy to understand and use. 

CALCULUS 

As the bullet arcs toward the target, at any given moment the bullet 
is moving in a definite direction. In respect to the ground, this will be an 
instantaneous slope and a change in the bullet's altitude. This can be 
regarded as changes with respect to the elapsed time since the bullet left the 
muzzle. Al any specific point, we can discuss the relationship between the 
distance, altitude, and time. In calculus, this would be a derivative 
(differential coefficient) and written as simply dy / at, where f= time. 

A derivative, or limiting value of a ratio, is the fundamental process 
with calculus. The logic and mathematics of calculus can be used on 
problems of time, points on a curve and many other ballistic problems. It can 
be described as the developing difference between the situation at one 
moment and the situation at the next moment. This gives clues or evidence 
of how a situation is shaping up. [f the ratio of the net changes thal take 
place is judged as a limit neared as the space between the moments 
approaches zero, then the limit shows how rapid the situation is developing. 

This rule is applied to the classic equation for gravity/acceleration 
of a falling object, discussed later. Calculus permits us to stop motion and 
break down movement into points that can be traced through space and time. 
We can calculate the velocity/acceleration at a specific moment. 

Students who have not studied calculus think it is the ultimate math, 
and something to be feared. A few of the problems in this book involve basic 
calculus, but following the directions will salve them. 

MATHEMATICAL FORMULA PROBLEMS ? 

The formulas have been a concern since the first edition. One 
gentleman complained that he could not get them to work. He later wrote 
and admitted it was his fault and they were okay. We appreciate his honesty. 
Another person complained that the formulas were no good because the two 
sides had to be equal, which they do, but his complaint involved a formula 
that had just an X on one side. He obviously had no idea what he was doing. 
The National Rifle Association, US Army, National Aeronautics and Space 
Administration, and scientists such as Newton, established the formulas. 
Most of them were checked for errors by a Ph.D. employed at the Stanford 
University Linear Accelerator Center and found to be correct. Does this 
mean there are no errors? Of course not, but we have tried very hard to make 
them accurate and we know of none that are not. 
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CHAPTER 3 


BASIC LAWS OF PHYSICS - NEWTON & GALILEO 


The laws of physics and mechanics govern every aspect of 
ballistics. Later, we will be discussing trajectory and drag in terms of 
physics. Rifling deals with spin and moments of inertia. Almost every single 
area of discussion is involved in one or many fields of basic physics. This 
brief section will touch on a few of them now, while other areas will be 
covered in the section where they are involved. 

Like mathematics and gyroscopic stability, which are elsewhere in 
this book, this must be understood to really grasp ballistics. If you believe 
you know it, feel free to skip this section. If you don't understand it and 
don't read it now, then you may have to come back and read it later. 

This is not intended to be a course in physics. This is basic, 
simple, and easy to understand. As with the chapter on mathematics, readers 
who have a good background in physics may skip this section. Most people, 
if they are honest with themselves, will need it. Relax. It isn’t that hard. 
THREE BASIC LAWS 

Much of the theory behind firearm ballistics depends on the 
discoveries and physical formulations of English mathematician, physicist, 
and astronomer, Sir Isaac Newton (1642-1727) 

This is the basis for much of our study. Sir Isaac Newton's three 
basic laws of motion, which were listed in the last half of the 17th. Century. 

Ist. Law: "A body at rest tends to remain at rest, and a body in 
motion tends to remain in motion at the same speed and in the same direction 
unless acted upon by a force." 

This means that nothing stops or starts moving unless some force 
makes it do so. For example, the bullet won't start in motion until the 
expanding gas pushes it and once moving it will do so until something 
overcomes its inertia. 

2nd. Law: "When a body is acted upon by a constant force, the 
resulting acceleration is inversely proportional to the mass of the body and is 
directly proportional to the applied force." This is not as difficult as it 
sounds. It deals with overcoming the Ist. Law. Acceleration, in this case, can 
be both positive, as in starting up and negative as in deceleration. In effect, it 
says that force = mass times acceleration. The result may be in a straight 
line, a curve if acted upon by another force as gravity affects a bullet's 
trajectory, or, as with torque, in a rotation. An easier way of wording il 
would be, “change of motion is proportional to the force applied, and takes 
place along the straight line in which the force acts." The applied force is a 
total of al! the forces acting on the object. 
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3rd. Law: "Whenever one body exerts a force on another, the 
second body always exerts on the first a force which is equal in measure but 
apposite in direction." 

This is stated more commonly and briefly as "for every action there 
is an equal and opposite reaction," which is the fundamental principle behind 
the movement of a jet airplane or how a gun may recoil and give you a kick. 
KINETIC ENERGY and GRAVITY 

Energy is the capability to do work. A body may possess this 
capability through its position or condition. When a body is held so that it 
can do work if released, it is said to possess energy of position or potential 
energy. When a body is moving with some velocity, it is said to possess 
energy of motion or kinetic energy. The fundamental law of Conservation of 
Energy states that energy can be neither created nor destroyed. There are 
different types of energy and energy can, however, be transferred from one 
type to another and from onc body to another, 

Bnefly, a foot pound (ft. lb.) is a unit of kinetic energy but that 
information helps little at this point. Let's look at it from the basic facts. 

The foot pound was originated by Italian physicist and astronomer, 
Galileo Galilei in 1585 with a simple equation, у = Jr. This shows how 
gravity acts on a free falling object, a rock, a bullet, or a cannon ball. F is the 
distance fallen in feet and / is the elapsed time in seconds from the start of 
the fall. 

Newton, by differentiating the equation once, determined that the 
speed an object is falling at any moment equals about 32 times the number of 
seconds, which it has been falling. Differentiating the equation a second 
time, he determined that the objects acceleration is always 32 feet per 
second, every second. This does not change and represents a law of nature. 

When an object falls, starting from a dead stop. it accelerates, that is 
gathers speed, at the rate of 32.17 feet a second for each second. Therefore, 
after one second, the falling object (what it is doesn't matter) is dropping at 
32.17 feet per second. After 2 seconds, 64.34 f.p.s. After t seconds it would 
be t times 32.17 or 32.171. Of course the object will not fall 32.17 feet the 
first second as it starts al 0 and has to accelerate, but it will increase in speed 
at 32.17 feet for each second. 

* Velocities are given in feet per second (f.p.s.) and accelerations are 
given in feet per second per second, a small but important difference. 

+ The sum of the kinetic and potential energies of a body acted on by 
gravity alone is constant. If a body is at a certain height above the ground 
and is motionless, its potential energy is equal to the work done in raising it 
to that height. If that body falls to the ground, its velocity v will be the 
square root of 2 gh, and its kinetic energy will be wv'/2g. The potential 
energy before starting to drop is, therefore, the same as its kinetic energy 
when it reaches the earth, At any point during its fall, its total energy 
obtained by adding the kinetic and potential energies, will be the same 
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w'/2e, where v is the velocity that the body would have if it fell freely to the 
earth from the original height. 
* The final velocity of a falling body is proportional only to the 
vertical distance through which it falls, and is completely independent of the 
path it follows. In other words, it does not matter if a body (or projectile) 
falls straight to earth or falls in à different path because of an outside force, 
The time may be more, but the final velocity will be the same. 
+ Ifa body is thrown downward, (or a projectile is fired downward) to 
the constant force already found must be added the impulsive force given the 
body. This is proportional to the velocity imparted and the time of its action. 
In other words, the velocity at impact would be the total of the two. 
Ф If a body, (ог a projectile) is launched upward, the direction of the 
body is opposite to gravity and its velocity will be dimimshed each second 
by the quantity g = 32.17. Therefore, the time of mse will be found by 
dividing its original velocity by g. 

Remember that in all of these cases the actual figures are never 
realized in practice because of air resistance and other variables. 
Ф If we raised a 50 Ib. weight to 10 ft, we would expend 500 ft. Ibs. 
or a 10 Ib. weight to 30 ft. we would expend 300 ft. Ibs. Weight times the 
number of feet equal foot pounds. If the 50-Ib, object fell the 10 feet, the 
kinetic energy is the energy of the object in motion during the fall All 
objects in motion have kinetic energy. 


+ kinetic energy = MV^ /2 
Where: M = mass 
F= velocity 


+ For bullets use: energy in ft. Ibs. = И / 450400 
Where: F = weight of bullet in grains, 
= Velocity in feet per second. 


EXPLANATION OF NUMBERS USED 

For readers who have followed ballistics in other publications or 
studied kinetic energy in school, a brief explanation is required at this point. 

The formula for energy can be found with both 450,240 and 
450,400 as the denominator. Also the gravitational constant is seen as 32.2 
and 32.16 and 32.17 and perhaps a few others as well. The key is the gravity 
constant because the long number in the denominator is related to iL 

The pull of gravity is not the same at different locations. It is the 
strongest on the earth's surface and less above it and below it. Even on the 
surface it will vary. Exainple: 32.258 ft./sec. at the poles and 32.144 at the 
equator. The variation is slight, as is the variation of calculations using the 
different figures. 
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Gravity is the term for the attraction between material bodies. The 
Newtonian law of universal gravitation declares that every mass attracts 
every other mass with a force which varies directly as the product of the 
attracting masses and inversely as the square of the distance between them. 

In actuality, the earth is not a sphere. Its shape is closer to a 
spheroid whose equatonal radius is 21.6 kilometers longer than its polar 
radius. Also И rotates and the centrifugal force due to rotation reduces 
gravity, especially near the equator, The earth's surface is also irregular in 
outline and the density variable, at least near the surface. Thus the formulas 
for the variation in gravity at different parts of the earth's surface аге 
complicated. 

For years, 32.2 was used for basic calculations and 32.16 of 32.17 
for advanced calculations. Lately, the standard value of 32.1741 ft/sec. has 
been set by international agreement. This makes the more simplistic 32.17 
the number to use. 

The denominator of 450,240 was correct for a gravity value of 
32.16. Using the gravity value of 32.1741 the denominator works out to 
450,437.4 and with 32.17 it is 450,380.0, For ballistic purposes, the modern 
trend is to use 32.17 ft/sec. squared for the gravitational constant and 
450,400 for the denominator in energy formulas, In any case, the difference 
in the final result is slight. 

This long number is the energy factor or the 1 / 2 Ad in some energy 
formulas. To obtain, use the formula; 1/(2 * g * 7000). 

The digit 2, because we must either multiply by 1 / 2 or divide by 2, 
and the 7000 is the number we divide the grains of the bullet's weight to 
obtain pounds. Therefore: 2 * 32.17 * 7000 = 450,380, 

WEIGHT AND MASS 

Weight and mass are not the same, although many Americans 
without а background in engineering or physics шау believe they are. People 
that use the metric system have an easier road to understanding, They use the 
kilogram for mass and the newton for force or weight. In the English system 
of physics, mass is weight in pounds divided by the acceleration of gravity, 
32.17. 

To be technical, in engineering terms the pound is not а unit of 
weight but of force. The slug is the term used for mass. For some, slug 
conveys a mental picture of a bullet. Other readers may think of a piece of 
metal used in place of a coin in а vending machine or of a small snail like 
creature with no shell. To printers of an earlier Beneration, it is a strip of type 
from a Linotype machine. The slug is also called the geepound or the 
engineer s unit af mass. (The English language is strange at times.) 

In physics, a slug is the mass that an unbalanced force of I Ib. will 
create an acceleration of | ft./sec. squared. Let us word it slightly different 
and yet say the same thing. A force of one pound will accelerate a mass af 
one slug one-foot per second per second. In other words, an object with a 
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mass of 1 slug is accelerated on the surface of the earth at 32.17 fL/sec. 
squared by gravity. The pull on the object would be 32.17 Ibs., which would 
be its weight. This brings us back to the formula just given. Mass in slugs is 
weight in pounds divided by 32. 17 (for gravity). 

When we weigh a body, we do not find out how much mass or 
matter there is in the body, If we use a spring scale to weigh an object and 
then take it to a high altitude, it would become lighter. At return to earth it 
would be back to its original heavier weight. The object itself did not change 
during its trip to а higher altitude, only the pull of the earth's gravity 
changed. Material or mass is related to weight, but different. 

For another explanation, while the object was at altitude, if we 
measured its acceleration as we dropped it from the cabin roof to the floor, 
and performed the same test close to earth, the result would be a slower drop 
at altitude. The ratio of the acceleration between the 2 altitudes would be 
the same as the ratio of the different weights measured at the 2 different 
altitudes, Mass tells us the quantity of matter, while weight tells us the 
gravitational force on the body or object. 

The kinetic energy is directly proportional to the mass of the 
moving object. For example, if their speed is the same, a 2,000-Ib. car will 
impact at half the force as a 4000-6, car. 

Kinetic energy increases as the square of the velocity. For example, 
double the speed of a car and the impact force will be increased 4 times. If 
the speed is increased by 3 times, the impact force will be increased by 9 
times. Bullets respond the same way. 

If two cars are moving at the same speed, the heavy car will do 
more damage to an object it hits than would the lighter car. If the cars are of 
equal weight, the faster car will do more damage than the slower and al à 
higher rate than expected. Remember that the energy increases as the 
square of the velocity. 

POTENTIAL ENERGY 

Kinetic energy is a result of mass and motion. Potential energy is 
static and is possessed by a body when it is in à position where it may 
descend or fall with the force of gravity. (Old movie fans may be reminded 
of a piano being lifted to a second story by a frayed rope.) 

As the total energy is unchanged, an increase in velocity (kinetic 
energy) will be accompanied by a decrease in potential energy. For an 
example, it is similar to a ball rolling on a smooth surface. If the ball rolls 
downhill, the potential energy due to position is exchanged for the kinetic 
energy of motion. If there were no friction, the change of potential energy 
would equal the change in kinetic energy. 

ACCELERATION 

We all know what acceleration is as it relates to our automobile. 
What is good for a worn out jalopy would be poor for a late model sports 
car. With projectiles the basic idea of acceleration is the same. И is the 


17 


change in velocity per unit time. (acceleration = velocity / time) This 
equation can be switched to obtain velocity. (velocity — acceleration * time) 
Acceleration сап be either uniform or varying. lf it is varied, it can be plotted 
on a graph as a space-time curve. The slope of the curve at any point will 
represent the acceleration at that time. Uniform motion is when the velocity 
is constant and the acceleration is zero. There are mathematical means to 
calculate relations between space, time, velocity, and acceleration. 
MOMENTUM 

The momentum is nothing more than the product of its mass and its 
velocity, (mass * velocity = momentum) The velocity in the equation 
indicates that the object has to be moving, which is true. Time is also 
involved. A force is required to obtain the movement and the momentum is 
the result of the force acting for a length of time. This is called impulse. 
From this we can see that time * force = impulse. This is, in turn, equal to 
momentum. In other words, we could say thal momentum = mass * velocity 
= force * time. 

Tt was just shown in Newton's 3rd. Law that F = M * a. In 
acceleration it was shown that а = Kt. From this we can see that F = M *a 
-M*V/t or F*t=M* Г. This may be just a bunch of confusing 
letters and symbols to readers who are not interested in math, Readers who 
are math inclined will see that this shows why the two equations, one 
momentum and the other impulse, are actually the same. 

TORQUE 

Torque, often called moment, is the twisting or rotating tendency 
created by a force or a combination of forces applied to an article. (Called 
torsion.) Torque is calculated by multiplication of the force and the shortest 
perpendicular distance of the force. Energy from rotary motion is equal to 
torque times angular displacement. Torque is different at various points on 
the object and it is zero for all points exactly on the line of action of the 
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Evaluating a torque requires only that we measure a distance and a 
force and multiply them together. Engineers put the force before the distance 
to avoid confusion with energy units, which is also force times distance. In 
other words, torque is lb.-ft. and energy is ft -Ib. 

Torque has a relationship to the twisting of both the firearm and the 
Puig created by the nifling. (Chapters б and 12 cover these subjects in 
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CHAPTER 4 


PRIMERS, POWDER & GAS EXPANSION 


PRIMERS 

Primers date back to an invention, actually more of a discovery, by 
a Scotsman named Alexander Forsyth in 1807. He found that fulminate of 
mercury could be used to ignite the powder in firearms, Seven years later the 
idea was created to put a small amount in a cap placed over a tube leading to 
the chamber. This could be hit with a hammer on the side of the gun and 
send the flame to the main charge. This was the percussion cap and was used 
for many years. The cap that is used today in the base of a center fire 
cartridge is similar to the original percussion cap 

Older primers were corrosive and were the main source of bore 
corrosion in the early history of cartridge use. They used fulminate of 
mercury and some potassium chlorate. The main source of trouble was the 
salt deposited by the decomposition of the potassium chlorate and the 
potassium chloride that was left over had a powerful attraction to water. (The 
mercury caused problems, but primarily with case cracking.) 

First, these primers were used with black powder and the extreme 
black powder fouling weakened and cleaned out a great deal of the primer 
fouling. Smokeless powder followed, and the stronger primers that they 
required left such a dirty mess in the bore, that at the time, some people 
thought it was caused by the smokeless powder. 

The chemical ingredients have been modernized. Several chemical 
mixtures were tried through the years, both in the U. 5. and Europe. 
Remington lead the way in the U. S. with patents purchased from two 
German inventors. Now lead styphnate is the main ingredient. Primers are 
nonmercurial and noncomosive, which means their chemicals will not 
damage the chamber, bore or case. As expected, manufacturers use different 
ingredients for their products, but most primers now include a few on this 
list: TNT, lead or copper sulphocyanide, lead peroxide, sulfur, tetryl, barium 
peroxide, and barium nitrate. 

The modern percussion primer consists of a brass or gilding metal 
cup that contains a pellet of sensitive explosive material secured by a paper 
disk and a brass anvil. A blow from the firing pin on the center of the cup 
base compresses the primer composition between the cup and the anvil. This 
causes the composition to explode. Holes or vents in the anvil or closure cup 
allow the flame to pass through the primer vent in the cartridge case and 
ignite the propellant (powder). 

Rimfire ammunition, such as the caliber 22 cartridge, docs not 
contain a primer cup. Instead, the primer composition is spun into the rim of 
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the cartridge case. The propellant is in intimate contact with the composition. 
The firing pin strikes the rim of the cartridge case, compressing the primer 
composition and starts its flash. 

There are several attributes that a suitable primer must һауе, A 
good primer must always fire when struck by the firing pin and yet not fire 
by ordinary bumps and shocks that may happen in normal use. It also must 
always have a uniform flash that is hot enough without being too violent. In 
other words, i1 must always consistently produce the proper amount of heat. 
The primer case must not rupture and permit the gas to move rearward. 
Finally, it must be chemically stable and not effected by changes in climate. 

As we will soon explain, gunpowder does not explode, it burns 
rapidly. Primers are a high explosive called igniters. The primer is composed 
of chemicals, which have a fragile bond. The molecules are held together 
very weakly and come apart in an explosive wave. The white-hot flame is 
extended into the case through the primer vent hole where it ignites the 
powder in a microsecond, The primer ignites the powder by heat, not by 
shock. On the other hand, high explosives in military and demolition are 
activated by detonators that produce high shock as well as heat. 

There arc two basic primer types in use today for center fire 
cartridges. The Boxer system developed by the British is in use in the US., 
and the Berdan which was developed in the US. is used more in Britain and 
Europe. Strange and backwards, perhaps, but true. Both types are named for 
their inventors, The main difference is that the Boxer type has a built in anvil 
and uses a central flash hole. Cases using this type can be reloaded. The 
Berdan type has the anvil built into the case and no central flash hole. The 
anvil is necessary for ignition. The explosive priming compound is driven 
into the anvil by a blow from the firing pin and detonated. For the Berdan 
type, reloading is not usually practical. (For readers who are interested, 
Boxer's full name was Edward Boxer, a British Army officer. The other man 
was Hiram Berdan, an officer with О. S. Army Ordnance.) 

Primers come in different strengths and two basic sizes, .175" and 
210" diameters. Handgun primers use less priming compound and have soft, 
thin cups, as compared to rifle primers, This is because a handgun cartridge 
case requires less flash and their firing pins usually produce less impact 
Rifle primers have thicker covers because the rifle firing pin usually strikes 
harder. Magnum primers produce a bigger and longer flash to ignite larger 
charges. They are useful for slow burning and slow igniting powders. 

Bench-rest primers are highly consistent and uniform. Other 
primers can succumb to the normal problems of mass production. In other 
words, primers should not be mixed or changed without expecting mixed or 
changed results; Not as much of a change, perhaps, as with switching 
powders or bullets, but a difference nevertheless. 

Hot primers are not the great wonder for hand-loaders that some 
people believe. Data published by Winchester shows a classic case where a 
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hot primer produces a lower pressure than а standard primer by 1,000 p.s.i. 
There are other cases where the same is true. In shot-shell use, some people 
believe the hotter primer compresses the wad and pushes it and the shot 
forward a slight amount. This creates more space for gas expansion, which 
holds down the pressure. This is not a proven fact al this time, but the end 
result is a fact and the explanation is logical and based on sound principles. 
GUNPOWDER 

The invention of gunpowder was a major discovery, After a 
German Monk, Berthold Schwartz, first put it to use to launch a projectile, 
the method of warfare was changed forever. A foot soldier with a firearm 
could triumph over an armored man on a horse, 

Gunpowder is a greatly misunderstood product. Most people, 
including hand-loaders, who use it on a regular basis, probably do not 
understand much about it because they don't believe they need to. As long as 
their cartridges work fairly well and they have had no horrible accidents at 
their reloading bench, so what? For the millions who have an interest in 
learning and a thirst for knowledge, here are some basic and advanced facts 
about gunpowder. 

Gunpowder, as a propellant, has a chemical energy, which is 
converted to the energy that moves the projectile down the barrels interior 
and toward the target. This transformation involves 3 steps. (1) Chemical as 
the propellant converts or decomposes almost completely into a gas. (2) 
Thermodynamic as the stored chemical energy is changed into heat which 
in turn creates motive-power. [Thermodynamics is the science that deals 
with the relationship of heat and mechanical energy and the conversion of 
one into the other.] (3) Physical because as the hot gas pushes the projectile, 
it reacts to the friction and creates torque, recoil, barrel whip, etc. 

All gunpowder produces the force to move a projectile as the result 
of 3 things. (1) When it burns, it produces a huge quantity of gas. (2) As it 
burns, it produces a huge amount of heat. (3) After ignition, it creates its own 
oxygen and needs no outside air. All three are required. At first, the need for 
heat may not be as obvious as the other two, but hot gas expands and 
requires more space than cold gas. This adds to the pressure increase in the 
chamber. Heat is also necessary for rapid burning. 

BLACK POWDER 

The invention of gunpowder is usually credited to the Chinese, 
although they supposedly used it in fireworks for many years without 
realizing its full potential. In about 1248, Roger Bacon (12147-1294) used a 
form af black powder that is still used today in a modified form. A finely 
ground mixture of charcoal (carbon) at 14%, sulfur at 10%, and saltpeter, (or 
peire if you prefer) at 76%. (Potassium nitrate, a colorless crystalline 
compound [КМО] ) Those are the percentages used by the U.S. Military in 
the 1860's and they are by weight, not volume. Today, the КМО; type of 
powder is about the same. A current manual gives КМО; at 74.0%, sulfur at 
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10.4%, and charcoal at 15.6%, Also listed is ash at à maximum of 0.80% and 
moisture al à maximum of 0.50%, The specific gravity is given as 1.72-1.77, 
When used commercially, it is known as ^A" Blasting Powder. 

(It is interesting that Roger Bacon was a Franciscan friar engaged in 
Arabic and Greck scientific experiments. Histery credits him as a leader in 
the awakening of artistic and scientific knowledge that we call the 
Renaissance. Also, some historians believe thal the Arabs used the same 
mixture to make gunpowder before Roger Bacon.) 

The salipeter can be increased to increase energy, but only to a 
point. It is very important in black powder and as its quality varied, so did 
ihe power and efficiency of the powder and hence the firearm itself Saltpeter 
was made in colonial times in sheds where animal and vegetable refuse was 
muxed with water and lime. After decomposition, this was leached with 
water and the saltpeter was crystallized from the fluid. 

The charcoal is nothing more than wood or other organic matter 
partially burned or oxidized in kilns from which air is sometimes excluded. 
It is hard to control and its purity and quality influence the powder's 
performance. Selection of the charcoal is important to the quality and 
performance. It is the fuel in the mixture. 

The potassium nitrate is the oxidizer. The 3 atoms of oxygen from 
the KNO, combine with the carbon to form carbon dioxide and carbon 
monoxide. By combustion, this creates high heat energy and the heat 
expands the gas. The sulfur bums and leaves the rotten smell of hydrogen 
sulfide. Its main purpose is as a catalyst. The sulfur will vaporize at 444 6° 
С. (832.28" F.). This is higher than the ignition temperature of gunpowder. 
About half of the sulfur is expelled unburned. About one third of the gas 
created is nitrogen. Between 54% to 59% of the results are solids that must 
be expelled with the projectile, This takes the appearance of a grayish white 
STORE, 

The 3 ingredients were ground into powder separately and then 
mixed together and ground again. As you can imagine, this was very 
dangerous. After they were mixed, a static spark could, and frequently did, 
cause a violent explosion. In early times it was mixed by hand in small 
amounts. 

In the early history of black powder, it was just that, A powder 
packed so close thal no air space was left between the particles. Among other 
problems, sometimes the sulfur would settle ош of the mixture. The specific 
gravity was different for each material, so after a while, and always if 
transported, the ingredients would separate and have to be remixed before 
use. Frequently it would either not ignite or just smolder. 

In the 1500's it was discovered that with the addition of moisture in 
a controlled amount, the powder would solidify. into a mass that could be 
pressed into cakes. These could be broken into uniform particles by passing 
it through a screen. It would pass through a larger mesh and be collected on a 
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lower screen, which it would nol penetrate. The size of the holes in the 
screen controlled the particle size and this in turn was discovered to control 
how fast the powder would burn (the bum rate). Experience and 
experimentation taught early gunners that particle size controlled the speed 
af combustion and they began to seek a size that suited their needs. The 
moisture also held the mixture together. The moisture content was, and is, 
important. Too much will slow the burning rate and a point is reached on the 
high side that will prevent it from igniting. 

Modern smokeless powder (a misnomer) was invented to overcome 
many of the problems with black powder. The large cloud of gray smoke 
emitted from black powder use is one reason modem powder is called 
smokeless. Black powder was weaker, so larger amounts were required. This 
increased the kick as this weight is added to the bullet's weigh in recoil 
computations. (See recoil chapter.) Longer barrels were required for proper 
burning and gas expansion. This steers people today to sometimes believe 
they need a barrel much longer than is required, Shotgun pressures of 5,000 
p.s.i. and rifle pressures of 25,000 р.ѕ.1. were normal. This is roughly half of 
today's pressures. 

Black powder must be handled carefully because il is easy to ignite 
and will bum violently with high pressure. Years ago, when black powder 
was in common use by the military; it was tested to almost 100,000 p.s.i. In 
ihe late 1800's, Nobel and Abel gauged black powder at 96,000 psi. One 
pound of black powder will have close 10 600,000-ft. Ibs. of stored chemical 
energy. Nevertheless, guns rarely blew up because of too much black 
powder, Modem powder is not so forgiving. (By comparison, one pound of 
modem powder has stored energy from 1,200,000 to 1,500,000 ft. Ibs.) 

FFFFg was the smallest particle with the fastest burn rate and is 
used mainly in handguns. FFFg and FFg were larger for small bore rifles and 
shotguns. Fg was the largest with the slowest burn rate for big-bore rifles. 

Recoil of black powder cartridges is a little heavier than with 
smokeless powder, because black powder weighs more for a given charge, 
and the extra weight must be forced out the barrel. (See Chapter 6 on 
Recoil.) 

Another type of black powder was invented in the United States 
during the middle 1800s. It is made from sodium nitrate (Na,NOQ,) and 
known commercially as "B" Blasting Powder. The percentage of ingredients 
is similar to the potassium nitrate type, with Na,NOs at 72.0%, sulfur al 
12.0%, charcoal at 16.0%, and a trace of ash and moisture at 1.5% and 0.7% 
respectively. (Percentages appx..) The specific gravity will be 1.74 — 1.82. 

A grade of black powder without sulfur is manufactured in Great 
Britain. It has a considerably higher ignition temperature than normal black 
powder because molten saltpeter is required to initiate its combustion. 

Black powder and moisture are not good companions. The 
hygroscopicity is primarily due to the saltpeter, which picks up moisture at 
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any time the humidity exceeds the partial pressure of water over a saturated 
solution of the saltpeter. This results in a slow deterioration due to crystal 
growth of the nitrates, Submerging it under water causes the saltpeter to 
leach out, To simplify that, just remember the old black powder slogan; 
“keep your powder dry.” ' 

MODERN POWDERS ( PLASTIC MONOPROPELLANTS ) 

Christian Schónbein, in May of 1846, discovered the invention that 
brought on modem propellants in Basel, Germany. He mixed cotton and 
nitric and sulfuric acid. His invention, nitrocellulose, burned completely with 
a little over 3 times the energy of black powder. It was an effective substitute 
for black powder, but it was dangerously unstable and burned too rapidly. In 
Europe in the middle 1800's, а lot of workers were killed in accidents when 
gunpowder plants unexpectedly exploded. It was not until. 1884 that the 
manufacturing process became practical That was when Paul Vieille, a 
Frenchman, discovered how to gelatinize nitrocellulose and make it 
workable by dissolving it in a solution of ether and alcohol. This removed 
the fibrous content and formed a congealed substance that could be cut and 
shaped as desired. The ether and alcohol are then evaporated away leaving a 
hard substance. This became Poudre B, which was the first practical 
smokeless powder, Propellant is really a better word, as it was no longer a 
powder. It is an interesting sidelight that modern synthetic fibers, celluloid, 
plastic, and many other substances we now take for granted, were a direct 
result of Vieille's work with nitrocellulose. 

Other major contributions were the discovery of nitraglycerine by 
an Italian, Ascanio Sobrero, in 1846. Mitroglycerin is a chemical compound, 
which has a huge amount of oxygen. It is unstable but has the unique ability 
to change into a stable gas. A sudden jolt will cause this change to start and 
proceed so rapidly it will be an explosion. Nitroglycerin soaked into a porous 
material is the basis for dynamite. 

This led a Swede, Alfred Nobel, to the invention of ballistite in 
1888, It was 60% nitrocellulose and 40% nitroglycerine. 

Modern smokeless powders (a misnomer) are manufactured to 
perform in a predictable manner by adjusting the chemistry, coating and 
particle size and shape. The speed of burning rate is adjusted to fit the 
different requirements. 

There are over 100 different powders available to the hand-loader. 
A suitable powder will be satisfactory for the full temperature scale, from 
high to low. It will also be uniform with regard to velocity and accuracy. The 
ambient temperature performance, muzzle flash and overall ballistic 
uniformity will be as required and expected. With the bullet seated correctly 
for chamber and freebore length, magazine length and what experience has 
shown to be best for accuracy, the powder should be either not compressed 
or at the most, lightly so. Adjusting seating depth is one way to improve 
accuracy. (See loading density, page 406 & freebore, page 135-137,402 ) 
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TERMINOLOGY 

A single piece of propellant is frequently called a grain, although 
this is not considered correct by most ballisticians. We shall call it a particle, 
although grain may show up even here from time to time, as it is frequently 
accepted. The exposed portion of the particle's surface at the time of burning 
is called the burning surface. (Let us pause for a moment of silence for the 
bright person who thought that up.) Amy portion of the surface that is 
covered by adhered nonburning material is called inhibited. The shortest 
distance, normal to a burning surface, that the particle burns until it loses its 
structural integrity is the burning distance. The thickness of the propellant 
wall so consumed is the web. If a particle bums only on one side, as is the 
case with case-bonded or otherwise inhibited particles, the web is equal to 
ihe burning distance. If two parallel surfaces burn toward each other, as in 
uninhibited single or multiple-perforated particles, the web is twice the 
burning distance. The relationship between web and burning distance is thus 
nol single valued. The dimensions of the particle taken collectively are 
known as the granulation when referred to multiple-particle or bulk charges, 
or as configuration when referred to a single particle. 

A particle that maintains its burning surface constant, or nearly 50, 
during burning has mewrra! geometry. A particle whose burning surface 
increases during the burning has progressive geometry, A particle whose 
burning surface decreases as burming progresses has degressive geometry. 
The word neutrality, progressivity, and degressivity are also applied to the 
weight-burning rate. (Terminology is paraphrased from AMCP 706-175) 
BURN RATE 

The burn rate is the speed at which the burning front moves 
through a substance. It is a relative (comparative) term that is determined in 
controlled laboratory tests under standard conditions by comparing the 
subject being tested to samples of previously tested material. The swiftness 
of the pressure rise in a chamber can be considered a gauge of the powder 
bum rate. When we say it is comparative, we mean it is useful to say that 
powder xxxx is faster than powder уууу, i.e. compared one to another. 

Generally, the faster powder, at equal charge weights, will produce 
faster velocities. This is because a lot of the slower powder's energy is 
wasted in heal transferred to the barrel and escaped gas and heat at the 
muzzle. 

Of course, if we lower the weight of a charge, we lower the density 
of loading, which in tum lowers the pressure and then the velocity. 

Modern powder burn rates are controlled by the size of the particles 
and the chemical composition. The smaller particles burn faster because they 
have more surface area exposed, Invented by U.S. Army Col Rodman, 
perforations were added to powder particles to expose the inside, This 
increases the gas released and the thrust. Therefore, the exposed area has a 
lot to do with how fast the fire travels through each particle and through the 
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load. li could be said that the rate of burning is proportional to the propellant 
surface thal is fréc to buri. 

The burn rate can be controlled so it produces pressure for a longer 
time by coating it with something that will retard the initial combustion, As 
ihis coating burns off, the rate of combustion increases. (See progressive 
powders.) Powder particles are glazed with graphite, which gives it a strange 
dark look, This has а retardant effect to control burning rate. It also is done 
to prevent the hazards of static electricity. An extra side benefit is a better 
flow when loading cartridges by machine. Temperature has an influence on 
burning rate. A slow moving bullet will let the temperature rise as the gas 
attempts to push it out of the cartridge and the bore. The cartridge shape also 
is а factor, (See index for cartridge subjects.) 

Degressive burning: As strips and cords burn, the burning surface 
decreases continuously until the particle is consumed. As the outside surface 
gets smaller, there is a smaller surface area to burn and the burning. slows. 
Such burning is characterized as degressive. It has a tendency to produce the 
inaximum pressure peak close to the breech, accompanied by a low muzzle 
pressure because by the time the bullet arrives at the muzzle, the speed of the 
powder burning has dropped off. The maximum pressure will be high in 
relationship to the velocity of the projectile. 

Neutral burning: A single-perforated particle - meaning à hole 
down the middle - burns in opposite directions, The inside burns toward the 
outside as the outside burns toward the inside. It counterbalances itself 
because as the outside burns to a smaller diameter, the inside burns to a 
larger diameter. By controlling the initial diameter of the perforation, the 
total burning surface hardly changes while ignited. Such burning is 
characterized as neutral. 

When the burning occurs inside the perforations or tubes, it is found 
that the linear burning rate at and near the exit of the tube exceeds the normal 
rate. The shape of the “eroded” region suggests a velocity effect. 

(For readers who hate mathematics and think this book has too 
much, consider that this book probably contains only about 195 of the math 
that is useful in ballistics. For example, the above mentioned velocity effect 
has three complicated formulas that are connected with it. Relax! You will 
be spared the grucsome details.) 

Progressive burning: A triperforated particle can be so designed 
that the burning surface actually increases until burning is nearly completed 
and slivers are formed. Such a particle is said to burn progressively. This 
characteristic can be made more pronounced if the particle is 
muliiperforated. The slivers may not burn at all and will be blown out of the 
bore with the escaping gases, Note that triperforated means a particle with 3 
perforations or holes and multiperforated usually means 7 perforations. 
Some progressive powders use an outside coating that retards the burning 
until the coating is burned away. 
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For a given particle size, a progressive powder gives the maximum 
pressure peak at a time when the bullet has traveled farther along the bore 
than is the case with degressive or neutral powders. The burning lasts longer 
and increases the muzzle pressure. This, then, increases the velocity-pressure 
relationship; i.e. the velocity will be higher for the same maximum pressure. 

Particle size is important because for a given load weight, the 
smaller the particles, the more quickly it will burn. H the particles are too 
large for the situation, some will be expelled unbumed out of the muzzle. 
Small cartridges with small expansion ratios will require a small powder. 
(The expansion ratio is the ratio of the volume of the bore from the cartridge 
base to the muzzle, to the volume of the powder portion of the case.) 

Mention of a fast powder denotes the burning rate and not to the 
velocity it can push a bullet. The faster powder will develop a higher peak 
pressure. While powders are listed as being faster or slower, no actual value 
is placed on them because the expression, burning rate, has no precise 
definition, No list could be drawn up that would be safe and accurate for 
hand-loaders. 

Relative quickness is a term used in interior ballistics. It is the time 
that a propellant uses to burn up completely. This is obtained by burning 
powder charges in a ballistic bomb (also known as a sealed vessel or closed 
vessel or closed bomb) and measuring the pressure increase. (See closed 
bomb on page 44.) The vessel is filled 5% to 20% with the powder and then 
ignition is provided by electrical means. Pressure gauges record peak 
pressures, The ballistician can figure burn rate, pressure rise, energy content, 
etc. The information that is obtained will only be an estimate of the way the 
powder will perform in a particular cartridge and gun. The experts do not use 
this as a final charge weight but as a basis for loads that will be tested in 
pressure and velocity barrels under controlled conditions. 

The linear burning rate depends on the rate at which the surface 
receives heat from the surrounding combustion. All exposed surfaces that 
attend the hot combustion should receive heat at the same rate and therefore 
burn àt the same rate. The burning surface should recede by parallel layers. 
This is known as Piobert's Law, which was first used for black powder in 
1839, and has been verified in modern times. 

The rate of regression of a burning propellant surface is known as 
the linear burning rate, ғ. It is usually expressed in terms of inches per 
second. When r is multiplied by the area of the burning surface, S, and by the 
density we have, the weight — or mass — burning rate, expressed as pounds 
per second. 

HW = rip 

Several factors affect the burning rate. Among these are pressure at 
which the burning is taking place, gas velocity over the burning surface, 
initial temperature of the propellant, and the composition of the propellant. 
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Pressure is required for proper powder burn rates. A small mound 
of powder in the open air will burn like a piece of celluloid in perhaps 3 to 
10 seconds. Put the same amount in a suitable size cartridge case, confine it 
in а gun chamber, and it will burn in a small fraction of a second and create 
considerable heat and pressure. It burns extremely rapidly only under high 
pressure. One minor exception to this is if the powder is in the open but in a 
large pile. The heat will be intense because each particle imparts its heat to 
the adjoining particles and then they burn faster. The heat build up can be 
quick. 

Increasing the pressure at which the burning takes place will 
normally increase the rate of heat transfer from the flame to the propellant by 
increasing the density of the gas phase and therefore decreasing the thickness 
of the portions through which the heat must be transferred. 

PRESSURE & TEMPERATURE 

The initial temperature of the propellant has a significant effect on 
the linear burning rate, Propellants are very poor conductors of heat. This 
property 15 useful for ballistic design, as it can be taken for granted that the 
unburned section of a particle will remain ai its initial temperature 
throughout combustion. Conversely, the time required to bring a large 
particle of propellant to a uniform temperature following a change of 
environment may be hours or even days, depending on temperature 
differential, particle size (and air circulation, if appropriate). If the particle is 
ignited while it contains a temperature gradient, it will be demonstrated in 
the amount of gas production, A quick change from cold to warm, or vice 
versa, may cause cracking of the particle from thermal shock. 

The extreme heat from gunpowder is created by the chemical 
reaction when oxygen combines with hydrogen and forms water or combines 
with carbon and forms either carbon dioxide or carbon monoxide. The 
energy to push against the bullet is created by the sudden change of the solid 
to а gas. The temperature will increase from a flash temperature in the 
middle of 300° F. to around 5,550" F., average, in a tiny fraction of a second. 

Pressure and temperature in thermodynamics are employed slightly 
differently than in everyday use, but they are knit closely together. The 
higher the temperature, the more the molecules move about and collide with 
one another and the walls of their container, The velocity and frequency of 
collisions increase and in turn, increase the pressure. This is based on 
average velocity of movement because some will move faster than others 
due to collisions with each other and the walls. Therefore, pressure can be 
considered a determination of how frequently the collisions occur and 
temperature is à determination of the average velocity of the molecules. 
(This molecular movement has been scientifically checked and for most 
molecules, the velocity, number of collisions per second and distance 
between collisions at various temperatures is known.) 
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From the preceding paragraphs, it can be seen that the volume of 
the container also influences pressure. If the volume is increased, that is the 
size of the container is made larger, the molecules will still move at the same 
velocity as long as the temperature stays the same. But, they will now have 
more room to move about in and will not collide with each other as often. 
Therefore, the pressure will be less. A decrease in volume with no 
temperature change will increase pressure because of the decrease in 
distance between molecules and the increase in collisions. 

Pressures of 55,000 p.s.i are common at the peak but may drop to 
6,000 p.s.i. by the time the bullet reaches the muzzle. With most powder, the 
flame temperature will reach about 5,550" F at the peak pressure. Most barrel 
steel will melt at half that temperature or about 2,500" Е. The high 
temperature peak will only last for a small fraction of a second and, with the 
exception of machine guns, will cool a lot between each shot. 

Detonation is described by Webster's dictionary as a violent 
explosion and that is what many pcople believe happens inside the cartridge 
when it is fired, In reality, the powder does not explode or detonate, it burns; 
or more properly, it deflagrates. Another look at Webster and we see that 
deflagrate means to burn very rapidly with intense heat, and that is just what 
powder does. 

An explosion would destroy the firearm while the rapid burning 
builds the pressure and accelerates the gas and the projectile down the barrel. 
The pressure must build slowly, as compared to an explosion, to supply the 
thrust required. This is a hard concept for some people to understand because 
it appears to be as rapid as an explosion, In a modern shotgun, time from 
propellant ignition to the shot leaving the muzzle is only 003 second. (3 
thousandths of a second.) The powder bums inward and produces pressures 
in excess of 100,000 p.s.i. at rates up to 60 inches per second. (Bullseye 
brand bums at 3.6 inches per second at about 10,000 р.5.1. At 100,000 p.s.i., 
it would burn at 30 inches per second.) By comparison, an explosion or 
detonation can be in the neighborhood of 2,000,000 p.s.i. (yes, million) and 
the speed up to 300,000 inches per second. This includes a shock wave. 
Sudden pressure peaks are not detonations or explosions, although a man 
who has had his prized gun destroyed in his hand will certainly think so. 

In the open air, powder burns quickly but with nowhere near the 
rapidity required accelerating a bullet. When it is confined, as in a cartridge 
case, the first heat that is created cannot escape. This causes the burning to 
move faster and faster through the load. This faster burning. їп turn, 
generates more heat and pressure, It could be described as feeding on itself. 

Same powders for early cannons were almost one inch in diameter 
and about 21" long. It burned slow enough that it could be held in the fingers 
on one end, lit on the other end, and then blown out without any damage to 
the fingers. 
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POWDER CHEMISTRY 


COMPOSITION 
Of the over 100 elements know in the universe and the atoms they 
are composed of, only 4 are necessary for ballistics and firearm propellants. 


SYMBOL ELEMENT ATOMIC WEIGHT USEFUL WT 


C Carbon 12.011 12 
H Hydrogen 1.008 1 
N Nitrogen 14.008 14 
o Oxygen 16.000 16 


It is sufficient to use simplified numbers for the weights because the 
actual numbers are all close to them, There are none like 1.7 or 3.4 that will 
not round off without inducing an error, 

Molecules, are the smallest particle of an element or compound that 
can exist in a free state and still retain the characteristics of the element or 
compound. Atoms, of course, are extremely small bits that combine to form 
molecules or compounds. The molecules of elements consist of 1 atom or 2 
or more similar atoms. The molecules of compounds consist of 2 or more 
different atoms. The atomic weight is a number representing the weight of 
one atom of an element as compared with а number representing the weight 
of one atom of another element, which is used as a standard. (Oxygen at 
16.0000) 

A radical is a group of 2 or more atoms that acts as a single atom. It 
goes through a reaction unchanged or is replaced by a single atom. A radical 
will not exist alone and is always a part of a larger and more complex 
molecule. 

CELLULOSE 

We have already discussed cellulose, but it is important to 
remember that it is a lot more than simply cotton or wood pulp. It is the chief 
substance composing the cell walls of plant life, A carbohydrate may be of 
unknown molecular structure but having the composition represented by 
(Сен О»), It is also an organic compound, that is to say it is from a living 
thing with carbon molecules primary. It can and does contain other 
molecules. Cellulose is also a carbohydrate, Its molecules contain carbon, 
hydrogen, and oxygen and there are double the hydrogen atoms than oxygen 
atoms, (As in water.) It can also be described as polymeric because it is 
composed of the same chemical elements repeatedly joined together. As a 
cellulose, cotton is important because it is almost pure cellulose and easily 
available. 

We have already explained that cellulose is nitrated and to this we 
should add that the percentage is, for propellants, between 12.6 and 13.8. 
This nitracellulose percentage is a measure of the average degree of cellulose 
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nitration. This involves replacing the hydroxyl groups by the nitrate radical 
and it is never perfect. (OH groups are changed to ОМО; .) 

Cellulose, by itself, is a very stable material. The addition of nitric 
acid (HNO,) dramatically changes the situation. The nitric acid molecules 
react with the hydroxyl radical (OH) and generate molecules of water (H30). 
This creates nitrate radicals (ОМО) as replacements. Each hydroxyl group 
creates more water. This is the basic reaction that creates an explosion. 
(HNO, + OH — ONO, + H0) The sulfuric acid molecules become attached 
to the water and block the water from becoming so prolific thal it slows 
down the process. Absorption of the water is not quite correct, bul it is à 
term that makes the process easy to understand. 

Before ignition, the nitrocellulose ts full of a large amount of stored 
chemical energy, which it can unleash on demand. Or sooner, as the next 
section on stability will explain. 

Nitroglycerin (glycerin trinitrate) is created in the same general 
way. Molecules of nitric acid acting on the hydroxyl radicals in a glycerin 
molecule are changed to nitrate radicals. 

OTHER CHOICES 

The polymer in the powder does not have to be nitrocellulose. Other 
energetic polymers may be used such as poly (vinyl nitrate), poly (petnin 
acrylate), poly (trinitroethyl acrylate), and fuel type polymers such as 
cellulose acetate or poly (methyl methacrylate). 

STABILITY 

The nitrocellulose that is created by the above process is basically 
unstable, It could be described as deteriorating with age through a process 
known as thermal decomposition. That means that it can explode 
unexpectedly from its own heat build-up. The heat is created from the nitrate 
radicals (ОМО) that are in the material coming in contact with nitric acid 
and creating nitrogen dioxide, МОЈ. A chain reaction slowly builds heat as 
the nitrate radicals are attacked and become nitric acid molecules. When the 
air is humid, this action is accelerated by the moisture (H;O) in the 
atmosphere combining with the nitrogen dioxide (N;O) to create nitric acid 
(HNO«). These reactions create heat, which can easily reach a temperature af 
325° Е to 375° F., which is the propellant's ignition temperature. Most 
people have heard of spontaneous combustion. An excellent example is rags 
soaked in linseed oil, which will ignite from the rapid oxidation of the oil. As 
we have just seen, this early powder had a similar problem in that it would 
ignite from the heat generated from internal chemical changes. 

As we previously mentioned, Paul Vieille, a Frenchman, discovered 
how to gelatinize it and make it workable by dissolving it in a solution of 
ether and alcohol. It removed the fibrous content and formed a congealed 
substance that was safer. But, unplanned explosions still occurred, It was not 
until the early 20th. Century that diphenylamine was used as a stabilizer. 
With the addition of as little as 1%, it will absorb the excess nitrogen dioxide 
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(NOS) molecules and release a hydrogen (Н) atom. Also employed as 
stabilizers are 2-nitrodiphenylamine, and ethyl centralite, Mineral jelly is 
used as the stabilizer in some British propellants.. 
COMBUSTION-DECOMPOSITION 

Heat is the ingredient that is added to cause the chemical reaction 
that releases energy. Consequently, the atoms are no longer united. They arc 
free to move about or pair up again, Divorced, we might say. The percent of 
nitration influences the temperature of the reaction and in tum, the 
temperature influences the way the aloms, primarily oxygen, pair up. 

These are the gaseous products of combustion from smokeless 
powder. There are no solids to produce smoke. They are all gases. 


SYMBOL SUBSTANCE WEIGHT 
CO Carbon Monoxide 28 
Na Nitrogen 28 
H; Hydrogen 2 
CU; Carbon Dioxide 44 
Ü Oxygen 32 
H;0 Water (as a gas) 18 


To the list we can also add Nitric acid (HNO) with a molecular 
weight of 63. Also, note the water is a gas because of the extremely high 
temperature involved. (This should not be confused with atomic weights, 
which are different. Oxygen, for example, has an atomic weight of 16.0000 
and a molecular weight of 32.) 

SECONDARY MUZZLE FLASH 

A careful study of the above list also explains the reason for the 
bright muzzle flash that is particularly noticeable at dusk. nighttime or early 
dawn. There is a lot of CO and H2, which are starved for oxygen, When they 
lut the atmosphere, they combine with the oxygen and are still hot enough to 
Hash over. 

All shooters are used to the muzzle flash caused by the initial 
cartridge firing. Normally about the same with each shot, it is the result of 
the hot gas and a few particles of powder that are still burning And of 
course, some guns and cartridges create more of a show than others. 

There is a secondary muzzle flash that was common in earlier times 
but modem powder development has made it rare. Also a problem in 
artillery and cannon, this secondary flash is much bigger and brighter and 
can be described as a ball of fire. 

As previously pointed ош, the oxygen required to burn the powder 
is included in the powder itself. When a secondary flash occurs, there has 
been more flammable hydrogen produced than bumed in the barrel. This 
phenomenon is usually caused by a lack of oxvgen, which is present in 
quantity after exiting the muzzle. 
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At times, the expanding gas is still hot enough to ignite on its own 
with the addition of the needed oxygen in the atmosphere. At other times, a 
burning particle of powder is expelled and becomes the perfect lighter. 
Friction between the molecules of the expelled gas and the gaseous 
atmosphere can also increase the temperature enough for ignition. After all, 
thc gas is very hot and needs only a small increase to reach the flash point. 

An extra note: if friends see a secondary flash from a muzzle and 
the shooter doesn't, perhaps the shooter is shutting his eyes when firing. 


TYPES OF POWDER 


SINGLE BASE POWDER 

A single base powder (nitrocellulose) is composed of a cellulose 
which may be cotton or wood pulp (guncotton) treated with nitric and 
sulfuric acid. (Much more on this later.) This mixture is too loose so it is 
dissolved with alcohol and ether or acetone. This forms a sticky paste that is 
forced through holes of a specific diameter. The result is like a spaghetti 
string, which is cut to required length, This idea is credited to Vieille, a 
French chemist, in 1885. Another manufacturing method involves forming 
balls in water where their size is governed by temperature, speed and timing. 

The nitrocellulose is the chief ingredient. In addition to a stabilizer, 
they may contain inorganic nitrates, nitrocompounds, and such nonexplosive 
materials as metallic salts, metals, carbohydrates, and dyes. There is no 
nitroglycerin in a single base powder. 

Nitrocellulose with about 12.5% nitrogen has a potential energy of 
about 1,425,000 fi.4tbs. per pound. This is slowed by the addition of a 
residual solvent, some water, and frequently a coating such as graphite 
and/or a deterrent coating designed to slow the burning. This drops the 
numbers for most small arm's powder to about 1,256,000 ft.-Ibs. per pound. 
This is about 178 fi.-Ibs. per particle weight. Chapter 5 discusses energy loss, 
and we will see that those figures are not the amount of energy that is 
imparted to the projectile. The useful energy is always much amount lower. 
DOUBLE-BASE POWDER 

This idea is from the genius of Alfred Nobel. (The same Nobel of 
the Nobel Prizes.) Ballistite, invented in 1888, is also called Nobel powder 
and was a former trademark. It was 60% nitrocellulose and 40% 
nitroglycerine. Nitroglycerine is used as a thickening agent for nitrocellulose 
making a gelatinous substance. 

Today, a double-base powder has nitroglycerin added at from 10% 
to 40%, This is a liquid formed by sulfuric and nitric acid on glycerin. 
Double-base powders burn very hot and have a reputation of being rough on 
barrels. On the plus side, they produce high velocity at low pressure. 

A double-base composition contains nitrocellulose and a liquid 
organic nitrate, such as nitroglycerine, which is capable of gelatinizing 
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nitrocellulose, Like single-base powders, double-base powders frequently 
contain additives in addition to a stabilizer. 

Ballistrate was the type of double-base powder that was used for 
many years. Today's powders contain less nitroglycerine. The single- 
perforated particles having these compositions are coated with dinitrotoluene 
or centralite and glazed with graphite. Although they have somewhat less 
ballistic potential than the ballistite type of powders, they are more stable, 
cause less erosion to barrels, and have fewer tendencies to flash, Cordite is 
one, and there are others. Some use less nitroglycerin to reach for à balance 
between velocity and barrel damage. Hercules powders and many of the 
Winchester- Western Ball Powders are double base. 

PROGRESSIVE POWDER 

Progressive powder is a modern powder that will push heavy loads 
іо higher velocity. Tt has a burning rate that increases as the pressure in the 
shell or case increases, The burning rate is related to the pressure and it will 
maintain thrust and push as the bullet moves down the bore. It is believed to 
be easier on the firearm because the velocity is reached without the peak 
pressure and temperature going as high as with other powders. These 
powders will have a uniform pressure distribution, which is held longer. The 
peak pressure is not as high because it is not attained as quickly and is more 
spread out. The particle size, perforations, and coating are factors in burn 
rate. 

CORDITE 

Cordite is a type of double-base powder, named because its stringy 
appearance resembles cords. This is a British development, which is not in 
particles as U.S. hand-loaders are familiar with, The spaghetti like strands 
are loaded into the case before it is necked. All other loading operations will 
have been finished, so after the Cordite is installed, a cardboard divider is 
installed and the case is necked and the bullet seated. It has a reputation for 
damaging gun barrels. It is made of 58% nitroglycerin, 37% guncotton and 
59% Vaseline, 

BALLISTITE POWDER 

Ballistite powder was the first smokeless powder. Invented in 1888, 
il is sometimes called Nobel powder. It was 60% nitrocellulose and 40% 
nitroglycerine, It was a double-base powder, 

PYRODEX 

Pyrodex is a modern substitute for black powder. It is slightly 
harder to ignite but burns faster and produces more pressure. Pyrodex is 
substituted on a volume for volume basis and not by weight. It is safer than 
black powder with less bore fouling. It has a higher flash point than black 
убы which adds to safety, but it cannot be used in flintlocks as а priming 
charge. 


34 


IMR POWDERS 

IMR stands for Improved Military Rifle and the letters are usually 
followed by a number designation, This is a proup of powders that have a 
deterrent coating, which controls the rate of burning. They are noted for the 
ability to push a projectile to high velocity without excessive pressure (by 
comparison). IMR powders are from DuPont and they are single-base. 

BALL POWDER 

Fred Olsen, an American with Western Cartridge Co. invented Ball 
powder in 1933. It is a nitrocellulose double-based powder, which uses a 
manufacturing process that lowers the production costs. The particles are 
normally spherical, firm, and 0.02 or 0.03 inch in diameter, The graphite- 
coated particles flow easily through powder measures and are well suited for 
hand-loaders. 

During manufacturing. the powder is in a watery slurry, which can 
be pumped from place to place during the process, This makes it a much 
safer and easier operation. Basically, it is wet nitrocellulose in a solvent 
(e.g.. ethyl acetate) Chalk is added to counteract acids that are present. 
Diphenylamine is added to make the powder stable. Other chemicals are 
added to control various reactions and the nitroglycerine ts added near the 
end of the process along with a solvent to aid in stabilization. 

SHOTGUN POWDER 

Powder used in shotshells must burn faster than rifle powders. By 
comparison, the pressure must drop off more by the time the shot reaches the 
muzzle. Modern powder is no longer loaded bulk for bulk as compared to 
black powder, as it once was. Nevertheless, it is still loaded to dram 
equivalents or equivalent drams. 

MODERN SUBSTITUTES FOR BLACK POWDER 

Enjoyment of both old and modem muzzleloaders is greatly 
enhanced by modern alternatives to black powder. The dirty mess, foul 
smell, and bore fouling of genuine black powder may be just what some 
shooters want in their desire to recreate the olden days, but most hunters, 
especially during muzzle loading season, prefer modern behavior, 

There are many brands available. A few include Pyrodex by 
Hogdon Powder Co., Black Mag 2 by Arco Powder, and Black Canyon by 
Legend Products Corp., and athers. 

Most substitutes leave less fouling than black powder and with no 
sulfur to cause rust because of the attraction of moisture. Some have no 
charcoal, sulfur, or saltpeter. Most can be used as a direct substitute to black 
powder on a volume basis, and can be purchased in different granulations for 
diverse applications. They arc all dissimilar but serve a uscful purpose. 
Pyrodex is the most popular. It gives the shooter some of black powder's 
odor and smoke, but with less fouling. It also is more difficult to ignite than 
black powder while some others ignite easier. All are worth a test, but it is 
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smart to read the literature for the brand you are going to try out because 
they are all a little different. 

. (Safety has been preached so much in this book, some readers 
may be tired of it, but let us always remember that human flesh is more 
valuable than the rarest diamond. Let's protect it.) 
THERMODYNAMICS / PUSHING the PROJECTILE 

Thermodynamics is the science that deals with the relationship of 
heat and mechanical energy and the conversion of one to the other. the 
availability of energy for work and with the stability of chemical substances. 
In other words, a change in which energy is involved. This describes the way 
the chemical energy in the powder is changed inio heat, which in turn creates 
motive-power. Heal is energy in transit from one mass to another because of 
a temperature difference between the two. Whenever a force acts through a 
distance, work is involved. Like heat, work is energy in transit, 

The first law of thermodynamics is a statement that energy can be 
neither created nor destroyed. When a transformation takes place, the 
amount of one will always be equal to the other. (Formed by Carnot in 1832 
and Mayer in 1832 but first stated unambiguously by Helmholtz in 1847) 

The second law of thermodynamics is a statement that conversion 
of heat to work is limited by the temperature at which conversion occurs. И 
is impossible to bring about any change or series of changes, which will 
result in the transfer of energy as heat from alow to a high temperature. 
(Formed by Carnot-1832, Clausius-1850, and Kelvin-1851.) 


TERMS DEFINED 


Let's pause here for an explanation of some confusing terms that 
will be needed very soon in this discussion. 
MOL or MOLE 
Mol, also correctly spelled mole, is the molecular weight of à substance. A 
pound mol is the weight in pounds equal to the molecular weight. А 1 pound 
mol of oxygen weighs 37 Ib. At the same pressure and temperature, the 
volume of one mol is the same for all perfect gases. 

An Italian physicist and chemist, Count Amedeo Avogadro (1776- 
1856), published an article in Journal de Physique in 1811 that has became 
known as Avogadro's law. It states that under identical conditions, equal 
volumes of gas at the same pressure and temperature would contain 
equal numbers of molecules, No matter how many molecules the pas 
contained, the number in a container of equal size would be the same. The 
weight would be different according to the weight of gas inside. This is the 
molecular weight or mol (mole) from the word molecular. If expressed in 
pounds, it is called the pound-mol, if in grams, the gram-mol. If the 
substance is an element the term atom is used instead of mol, 

If this nerdy technical stuff is confusing, remember that the number 
of molecules remains the same in equal containers, The weight does not. For 
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example: hydrogen (H;) has a molecule weight of 2, oxygen (O) has a 
molecular weight of 32 and sulfur dioxide (SO;) has a molecular weight of 
64. If each sealed container held the same number of molecules, the 
hydrogen container would be light in weight while the oxygen container 
would be 16 times heavier. The sulfur dioxide container would weight twice 
as much as the oxygen container and 32 times as much as the hydrogen 
container. All thus while each 15 holding the same number of molecules. The 
mol is a measure af how many gas molecules are in a container, (The actual 
weight in pounds of 1 cu. fL at standard atmosphere and 68" Е. would be 
005234 for hydrogen, .08305 for oxygen and 0.1663 for sulfur dioxide.) 
(While the molal volume of any gas under standard temperature and 
pressure is the same, the molal volume of liquids and solids varies. li 
depends upon their specific chemical nature and their density. The bulk 
density of solids depends upon their physical form and state of subdivision.) 
RANKINE TEMPERATURE 
Rankine is a temperature scale used in engineering, chemistry, and 
thermodynamics. Temperature is the condition of matter that determines the 
flow of heat between bodies, and their physical state from solid to liquid tà 
gas, etc. It cannot be measured by absolute standards. It must be determined 
in relation to standard bodies under conditions known to be constant and 
reproducible. In other words, reference points like the boiling point or 
freezing point of water. The Rankine scale is 460° higher than the Fahrenheit 
scale. To be extra accurate: 
degrees Rankine (R) = degrees Fahrenheit (F) + 459.69. 
This gives it a zero that is the same as absolute zero, which is -460° 
Е. (273° C). 
MATHEMATICS 
An important equation for interior ballistics, called an equation of 
state or perfect gas law, is based on gases Р-У-Т' properties being expressed 
by the simple relation; 
p*v2R*T 
Where; A =a gas constant. 
v= volume per unit weight of the gas in cu. in. 
p= gas pressure in p.s.i. 
Т = absolute temperature of the gas in degrees Rankine 
If v is expressed as volume per unit weight, the value of the 
constant A will be different for different gases. lf v is expressed as the 
volume of one molecular weight of gas, then / is the same for all gases in 
any chosen system of units. In general, for any amount of gas, the perfect gas 
equation then becomes: 
Ф P*V-N*R*T 
N = quantity of gas in pound mols (the no. of mols) 
(Note: Chemistry and engineering students may recognize this as a 
combination of Boyle's and Charles laws.) 
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The volume that is filled by the expanding gas expands with it. It 
has to. The bullet starts to move from the case immediately at the split 
second the powder starts to bum, It has to move and provide an ever- 
increasing area for the gas to expand into. If it did not, the gun would be 
destroyed in the blast and possibly the shooter as well. This creates a 
problem with the volume part of the equation. It cannot be based on the 
cartridge volume or the answer for pressure would be too high. The volume 
musi be an estimate using а figure of from 4 to 10 times the original. 

There are several equations and variations that use an empirical 
constant to take into account high pressure. Others use а volume corrective 
term, such as a. 

* A modified equation that takes into account the higher pressure is: 
P(F-Ch)=C*R*T 
Where in addition to the earlier notation, we add: 

C — weight of the propellant in pounds 

b = the actual volume involved with the gas molecules. For our 
purposes in ballistics, use 26.3 in. * / lb. 

This formula is basic to several important questions. How much 
will the pressure increase when the temperature is raised by à known number 
of degrees? How much will the temperature increase by a certain increase in 
pressure? How much will the pressure decrease by an increase in the volume 
of the container? 

If v is expressed as the volume of one molecular weight of gas, then 
A is the same for all gases in any chosen unit system. If v is expressed as 
volume per unit weight, the value of the constant R will be different for 
different gases. can be determined from the equation if we know 4 of the 5 
quantities. Also, advanced books on chemistry and engineering have charts 
on properties of gases that list the constant & for each gas. For our purpose, 
the value of the constant А for degrees Rankine using pressure units of 
pounds per sq. ft. and volume units of cu. feet is 1,545.0. Other values are 
used for different measuring systems and all are listed in chemical 
engineering books. Another is 18,510 for pounds, inches with degrees still in 
Rankine. The average molecular weight of the products of combustion from 
standard gunpowder is 24.1. If this is divided into 18,510 we have 768 as a 
constant. 

5,550" Е, is a good average temperature for burning propellant 
under the conditions of pressure and other involved items. 

The reader should be familiar with the laws of motion that are 
discussed in the previous chapter. The knowledge will be needed to properly 
understand gas expansion and the projectile's movement. 

+ Velocity can be determined by another important equation. It will 
determine the velocity of a projectile accelerated down the bore from the 
pressure of the expanding gas. 
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P= P* 4 *ї{рлн\ 
Where: F = velocity in ft./sec. 

Р = average pressure in Ibs. / inches 2. 

A= bore cross sectional area in inches ^. 

i = lime of pressure's action in seconds 

g = gravitational constant 

m = mass of the projectile in pounds 
* Energy of a projectile at the muzzle can be obtained from: 

E-P*"A*X 
Where: Ё = energy (energy = force * distance) 

Р = average pressure in Ibs. / inches *, 

A = bare cross sectional area in inches ^. 

X = distance 
* Momentum of a projectile at the muzzle: 

I-P*A*T 
Where: J= Impulse or momentum (momentum = force * time) 

P = average pressure in Ibs./ inches x 

А = bore cross sectional area in inches *. 

T = time of pressure's action in seconds. 

IRON NITRIDES 

The nitrogen (Ns), under the heat and pressure, chemically combine 
with the outer layer of steel in the bore to create iron nitrides. This is visible 
as a white covering that is heaviest where the pressure is highest. The iron 
nitrides not only change the size and form of the area it covers (the chamber 
throat); it damages the steel beneath it 

This gas is heavy with nitrogen and nitrogen derivatives. It 15 also 
heavy with a molecular weight of about 28. This requires some of its' energy 
to push the gas down the barrel, as well as the projectile. 

OXYGEN REQUIREMENTS 

Cartridges can be fired in a vacuum or underwater because no 
outside air (oxygen) is needed for combustion. Any air left in the cartridge 
at loading is unneeded and a full cartridge case performs better. 

Three items are needed for combustion and they are always the 
same, whether in a house fire or the fuel in an internal combustion engine, 
(1) Kindling temperature. (2) Combustible material. (3) Oxygen. To ignite 
and bum, any fire needs all three to start and all three to sustain combustion 
(keep burning). Any fire can be extinguished by removing any one of the 
three: by cooling it, cutting off the air, or eliminating the burning material. 

As previously explained in detail, smokeless powder 18 
nitrocellulose (cellulose nitrate). Nitroglycerine is added to some powder. 
When the powder burns and changes to a gas, the complex molecules of 
carbon, hydrogen, nitrogen and oxygen are released and changed. Yes, 
oxygen. The oxygen is supplied internally in the powder's chemicals. In 
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black powder, the oxygen is supplied by the salipeter (nitrate) and the sulfur 
and carbon are the fuel. 
POWDER CHOICES 

Pistols, rifles, and shotguns will generally use different powders. 
Pistols, because of their short barrels, require a fast burning powder. Shotgun 
shell powder is made in dense form. It is important for hand-loaders to 
follow manufacturers' suggested loads for safety. 

Powder is so specialized thal almost every conceivable use has a 
powder that is best for that purpose, not in brand or manufacturer but in class 
or type. Rate of burn is a good indication of use, but not always. 

Older julik powder could be loaded in the same amount as black 
powder, Other powder is denser, Some is nonprogressive and others are 
progressive. Bulk powder is used by the dram (16 drams = 1 oz. avoirdupois) 
and dense powder is used by the grain (437.5 gr. = 1 oz) Factory 
ammunition may use dense powder by the grain but the box may mention 
"drams equivalent." This indicates the muzzle velocity will be the same as if 
the stated amount of bulk powder had been used. 

Handgun cartridges and other small volume cases such as the .22 
Hornet and light bullet combinations are typically filled with a fast burning 
powder. Rifle cartridges frequently use slower burning types because they 
have a large case, but not always. The slower powder will require a longer 
barrel to push the bullet through in order to reach full velocity. 

Surprisingly, smokeless powder is not as dangerous to store and 
handle as many other every-day items. If your pick-up truck has 10 gallons 
of gasoline (about 60 165.) in the tank and you have 1,000 Ibs. of smokeless 
powder in the cargo bed, which has the most latent explosive energy? You 
are right; it i$ a trick question. They are equal and the same. 

MUZZLE LOADER 

Remember that we just said that high pressure is required for proper 
powder burn-rates? The bullet or ball that is seated by inserting from the 
muzzle end will not hold enough pressure to offer proper burning in a 
muzzleloader. If enough smokeless powder is used to push the projectile to 
the same velocity it was enjoying with black powder, the gun may explode. 

Black powder is said to be very corrosive. This comes mainly from 
the old caps that contained chlorates, Black powder is only mildly corrosive, 
and this arises primarily fram the sulfur. Cleaning a firearm after use will 
prevent this problem. (There is more about black powder earlier in this 
chapter.) 

REDUCED LOADS 

A lot of internal ballistics has io be taken on faith. We simply 
cannot properly see what is going on inside a closed breech or à cartridge. 

One unproven theory was used in à Kentucky court case. (Schuster 
v. Steedley, Oct. 1966, 406 S. W. 2d 387.) 
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As related by an expert witness from Н. P. White Laboratory, the 
theory stated that when a cartridge is loaded so that the powder charge leaves 
a lot of space in the cavity between the primer and the base of the bullet, the 
primer flash can cross the open space while the powder is laying on the 
bottom. (The cartridge being horizontal at the time.) This flash may move 
the bullet out of the case but it will have insufficient energy to properly 
engage the rifling. This will take place a short instant before the powder is 
ignited and creates the main gas expanding force. More force is then required 
to move the bullet than is normal and excessive pressure is exerted on the 
cartridge's base and the breech mechanism of the gun Also, the bullet may 
become lodged in the barrel and create an obstruction for a successive shot. 

Another theory that is about the same maintains that the powder 
may partially ignite and create a "slow burn." This propels the powder to the 
front where it presses against the bullet and can create a pressure wave 
caused by runaway burning. 

Norma, the Swedish ammunition manufacturer, cautions about the 
hazards of light loads that fill cases only about one third of their volume. 
They warn that the primer may flash along the surface of the powder and 
only ignite part of it. This will press the bullet into the rifling where it may 
stop. A microsecond or two later, when the balance of the powder ignites, it 
will not be able ta move the lodged bullet and will create extra high pressure. 
Remember that the bullet plugs the barrel so the gas does not have its normal 
means of escape. Also, if the gun survives this shot without the shooter being 
aware of the problem, the barrel will be plugged when the next shot is fired. 

Powder is supposed to burn at a controlled rate and the pressure is a 
controlling factor, This produces the expanding gas in a hurried yet orderly 
fashion. A small amount of fast burning powder in à much larger case can 
explode and do extensive damage. Most people believe that explode is what 
they want the powder to do, but as this book explains, explode is too sudden 
and violent. There may be only a small time difference involved, but that 
small variation is important and necessary. 

It is interesting that tests by the Frankfort Arsenal show changing 
the powder position in an unfilled case has a big effect on performance. With 
30 caliber M72 Match ammo, the shift from forward to rearward powder 
position can alter the strike point 2 or 3 inches at 300 yards and at 1,000 
yards from 16 to 30 inches. These are significant amounts for such a simple 
cause. It is a good idea to hold the powder in position by the use of filler. 
Use only approved fillers such as kapok or Dacron and for safety, start with 
a reduced load. 

Whether the powder is positioned forward, rearward or level is not 
as imperative as for it to be the same for each shot. Nol much can be done 
about the situation when hunting, but many target and bench-rest shooters 
raise the barrel to position the charge to the rear or a Side to side shake to 
level it before each shot. This is an issue that is very easy for an amateur to 
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prove for himself, Hand-loaders will notice some powders and cartridges are 
morc inclined toward this problem than others. The same holds true for 
factory ammunition. | 

Reduced powder charges, sometimes called squib-loads, are useful 
with a big bore gun for practice and target shooting. They are effective at 
reducing barrel wear, Although problems are rare and not completely 
understood, squib loads can be risky. 

"COOKING-OFF." 

Cooking-off is the term used to describe a cartridge that is fired or 
exploded because of the application of heat, A blow on the primer is not 
applied. It can happen in many ways and the results are as varied as the 
means, 

First, we need to say that testing by the National Rifle Association 
and Army Ordnance and other independent groups has shown that the 
average rifle and pistol cartridge will cook-off al high 200" to low 300° 
Fahrenheit. The average shot-shell cooks-off a little above that at high 300" 
F. Average being an important word in that statement. Some may be lower 
or higher, 

As we can easily understand, this is too high to cook-off in boiling 
water, which is 212 degrees F. Mot to mention the water can leak into the 
case and wet down the powder. Still, the temperatures are low enough that 
weapons fired very rapidly, such as machine guns, can develop enough heat 
to fire without pulling the trigger. 

Cook-offs are frequently prevented in machine guns by the use of an 
open breech, This does not, of course, mean the breech is open during firing, 
The bolt is held to the back against a compressed spring, which brings the 
bolt forward and picks up and loads a cartridge. It is fired upon chamber 
seating and the bolt is again opened. The open breech allows cooling air to 
circulate and no cartridge is held in à hot chamber. They are only chambered 
when fired and not before. 

The high temperatures that steel can obtain in direct зшен, 
especially in the south and the tropics, can also cause a cook-off in standard 
firearms. If а few rounds are fired, the temperature can raise the few exira 
degrees needed. A cartridge that is confined in the chamber will expel the 
bullet and be as deadly as any unaimed shot. Military crash crews are taught 
how to disarm aircraft weapons at a fire scene and not to be in front of the 
gun until it is safe. 

Ammo not in а chamber, during a fire for example, will explode 
quickly. With the average temperature of a cook-off being below 400° Е, and 
à house fire temperature reaching a couple thousand or more, they will react 
quickly. The case will explode outward and while the bullet may be thrust 
forward some, as the case may be thrust back, without the confinement of 
the chamber the force will be in all directions and not just toward the base of 
the bullet, Remember some of our earlier discussion? The chamber not only 
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directs the pressure toward the base of the bullet; it also adds pressure that is 
vital for rapid burning. 

After fires in homes where ammunition has been stored, and also in 
gun-shops and hardware stores that sell ammunition, there are usually stories 
of all the explosions and sounds of cartridges firing. For the most part, the 
talk ts much worse than the event. 

In early April of 1970, a store that sold ammunition in Scotch 
Plains, N J. was heavily damaged by fire. The fire was reported in the news 
reports and by The American Rifleman. 

Either bullets or some other unknown objects hit two firemen. In 
both instances, the velocity was so low that only a slight sore was made. 
Many cartridges did not explode even though they were near the fire. There 
was no explosion of smokeless powder even though some was on hand for 
sale. Rifle cartridges that exploded had a split case with the bullet staying 
nearby. Generally, other fires have a similar effect and don't cause near the 
damage that is expected. 

This is not intended to indicate that it is safe. No one but a fool 
would stay in a room with a fire that was exploding stored ammo. Also, 
other confined places, such as tubular magazines, can create bullet 
propulsion that can be deadly. 

A good summation would be that a cooked off cartridge 15 not as 
dangerous as it would at first appear, but as in all things with firearms, 
variables can change the situation so extreme caution should be used, 
EXTRA NOTES: 

+ Hand-loaders should never use burn-rate tables to determine charge 
weight. It is not à safe practice. 

* Muzzleloaders should use caution to avoid excessive pressure. They 
do not have a case that may indicate high pressure by extracting with 
difficulty or to examine for signs of excessive pressure. 

+ Barrel life is strongly influenced by peak pressure and gas volume. 
Experiments have shown that a double charge will reduce barrel life by 75% 
while a charge lowered by 10% will increase barrel life by about 20%. These 
are impressive numbers, especially when it is considered that the benefits of 
a heavy charge are very small, usually a slightly reduced wind drifi and a 
little flatter trajectory. 

* Rules of thumb can get people in trouble, so the reader should use 
caution with this comment. Nevertheless, here is a rule of thumb that is 
interesting for powder and case volume, It says that as a general rule, we can 
say that one grain of powder for each 3 grains of bullet weight will not be 
too much for the proper volume between case and bore. Hand-loaders 
should follow their manuals. This rule is listed for academic purposes 
only. They should check their literature for the proper powder and 
amount for their usage. 
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Hand-loaders who like to experiment can sometimes hit the perfect 
combination, For each gun, case, and bullet, there will be one powder, which 
if loaded in the correct amount, will perform better than all the others will. 
Knowledge of the subject will make the testing easier, safer, faster, and more 
fun. + 
ADVANCED MATHEMATICS 

The following is included for readers who are interested in the 
mathematics involved. In most cases, little explanation is included because 
this little section is for readers knowledgeable in advanced mathematics and 
they will probably need no further help. 

* Equation of state. The classic equation of state, which is 
universally applicable to any gas, is usually written as: 

P* Fon *R*T 
Where: Р = pressure in the gas 

V = volume occupied by the gas 

n = is the quantity of gas 

R = iş a quantity known as the Universal Gas Constant 

Г = 15 the gas temperature 
+ Specific force is used as a measure of the ability of the combustion 
products of propellants to perform. This is the formula used for firearm 
ballistics. Rocket ballisticians use a formula know as characteristic velocity 
for the same purpose. 

F= Roly /M 
expressed in terms of foot-pounds per pound. 
Where F= specific force or impetus 

Ro = universal gas constant 

Тре isochoric adiabatic flame temperature 

M = molecular weight of combustion gases 
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CHAPTER 5 


INTERIOR --BASICS & PRESSURE 


PRESSURE 

Many people believe that all of the danger with a firearm is in being 
on the wrong end of the barrel. Sadly, this is only part of the picture. The 
high pressure that handloaders can obtain by using the wrong type of powder 
от ап excessive amount can do more than give a flatter trajectory and a 
higher velocity. It can also split the case or blow the gun apart and injure the 
shooter or a bystander. 

The same danger exists in using a cartridge that will fit a chamber 
but is not what the manufacture intended. Some of the older guns, made for 
weaker ammo than we use today, are frequently a victim of this problem. 
While some firearms may handle 60,000 p.s.i. with ease, others will burst at 
perhaps 10,000 p.s.i. If we try to get into the range of 80,000 p.s.i., few guns 
today are safe. 

Ballistic efficiency is figured by the ratio of pressure to velocity, 
Always be aware of pressure if experimenting to obtain higher velocity. 
FACTORS AFFECTING PRESSURE 

There are many factors that affect the pressure inside à firearm. 
Some are more obvious than others, (1) The primer type, composition and 
size. (2) The powder type, composition, grain size, grain form, density, and 
amount, (3) The bullet type, weight, bearing surface, shape, diameter, jacket, 
core. (4) The crimp between the bullet and case, (8) The condition of the 
throat and the bore, (6) The loading density. (This is a special subject that is 
covered in detail in Chapter 15.) (7) The cartridge type. (8) Chamber type & 
condition. (9) The length of freebore. (10) The temperature of the cartridge 
and gun at the time of use. (11) The temperature and humidity of the location 
where the ammunition was kept prior to use. (12) Seating depth, (13) Case 
capacity. (14) Flash hole diameter 

Any change in any of these factors will change the pressure in the 
chamber. The reason behind 1 and 2 is explained in chapter 4. Many of the 
others are based on the fact that anything that slows down the acceleration of 
(he projectile as it moves down the bore will permit the expanding gas to 
build-up and increase pressure. A tight crimp makes it harder to move the 
bullet, as does a heavy bullet or one that is tight in the barrel, The bullet's 
shape controls how much area (length) is in contact with the interior walls 
and the rifling grooves. A longer length or tighter fit will increase pressure 
because the projectile will be harder to start and keep moving. 

Erosion, abrasion, and wear in the chamber, throat, and bore will 
lower pressure. The areas affected are enlarged and permit the expanding pas 
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to escape around the projectile, The bullet simply does not seal the bore. A 
small bullet can have the same effect. 

Loading density is a special subject that is covered in detail in 
Chapter 15. Temperature and humidity is discussed in several places in this 
book, so to save space, it will be omitted here. Item 9, frecbore, is also 
covered in detail elsewhere, The index will help locate these areas. Item 14, 
flash hole diameter, will have a small to negligible significance, but it should 
not be overlooked, 

Anything that increases the pressure will also increase the 
confinement of the powder and that in tum will make the powder burn 
quicker. (Refer fo Chapter 4 about powder, if necessary.) This, in turn, will 
affect how far the bullet has moved down the bore before the peak pressure 
is reached. 

PRESSURE FROM GREASE & BULLET LUBRICATION 

Grease in the chamber, regardless of how it got there, takes up 
space and decreases the volume. It can prevent the case neck from expanding 
and releasing the bullet until there is a dangerous build-up of pressure. 

Lubricated bullets will deposit some of the grease or oil on the 
chamber walls. This collects and the high temperature of firing will 
distribute it throughout the chamber. This slick surface prevents the case 
from adhering and staying in position. Not all cartridge cases are the same, 
but many have a slight taper, even if it is nol easily noticeable. The slight 
taper is to help with extraction. In this example, the case will move back too 
soon and too hard because the oil will help it to slide and this will increase 
the thrust on a rifle's bolt face. It may appear logical that all the lubrication 
would be burned out and removed with each firing, but that does not seem to 
be the situation. 

In a dry chamber, the backward pressure is on an area comparable 
lo the greater inside diameter of the expanded cartridge case, In a greased 
chamber, the grease conducts the force over the entire chamber diameter at 
its biggest place in the same way that the fluid transmits the force from the 
small piston of a hydraulic jack over the entire area of the lifting piston. In 
the .30-'06, the maximum diameter inside the cartridge case is about .418", 
while diameter of the average chamber at its rear is approximately 474". 
The thrust against the bolt, which is already extreme because of the grease, is 
thus multiplied by ( 474 / 418 Y, or about 1] times. 

Military experiments have shown that it requires only a small 
amount of grease to increase pressure from 51,000 p.s.i. to 71,000 p.s.i. 

Bore lubricant can be a problem on the chamber walls, but what 
about in the bore? Grease can also be in front of the bullet and be pushed 
ahead of i until it becomes a significant obstruction. This may cause the 
barrel to burst at the middle or toward the muzzle end. Extensive testing by 
Military Ordnance has shown that it has little effect on either pressure or 
velocity. The normal variation from one cartridge to another was enough 
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to hide any change from the lubricant. With only about 2% to 4% of the 
powder's energy occupied with overcoming bore friction, that is expected. 

Chambers should not be too highly polished because as à result, 
they will not hold the case into position, On the other hand, high-powered 
rifles should not have а rough chamber, because then extraction is difficult 
with the case being held by the machine marks. As with many things in 
ballistics, and life in general, a compromise 15 necessary. 


LOSS OF EFFICIENCY 


HEAT LOSS: Not all of the pressure that is developed by the 
propellant is used to push the bullet out of the bore. Heat that 15 transferred 
to the gun is a loss of energy that is lost to the metal barrel while some is 
blown out of the muzzle. Only the amount remaining is conveyed to the 
bullet and emerges as kinetic energy. Usually, a high percent of energy is 
lost in this fashion. Rifles have a loss of about 10%. With shotguns, it is 
much higher. The projectile is in the bore for a longer time period and the 
bore area is larger. This permits a heat loss of about 25% of the propellant's 
energy. (Note: there is more about this subject under temperature changes 
later in this chapter.) 

PRESSURE GRADIENT: Another loss is due to the propellant's 
expanding hot gas not exerting a full push against the projectile as it moves 
down the bore. The gas that is being added to the expanding interior just 
cannot keep up or catch up. The pressure in the chamber will be higher than 
the pressure pushing against the bullet's base. This is called a pressure 
gradient. (In this use, the word gradient means a rate of change.) The 
pressure gradient will be very low as the bullet starts to move. It will 
increase and it can be very high by the time the bullet reaches the end of the 
barrel. 

FRICTION loss is a variable that depends on the fit of the bullet in 
the bore and the barrel length. There is also a friction loss from the gas 
molecules on the barrel's interior. While the loss from gas contacting the 
bore is small, it has to be considered. Although it is variable, as just 
mentioned, averages are from 27» to 4%. 

EXPANSION RATIO is covered in detail in Chapter 11. For now, 
it is important to understand that it is the ratio of the volume of the bore from 
the cartridge base to the muzzle, to the volume of the powder portion of the 
cartridge. It is easy to see why И is sometimes called a volume ratio. This 
influences the amount of propellant energy that can be converted into 
projectile energy. The higher volume ratios are better and more efficient. A 
longer barrel will increase the ratio and a large volume cartridge case will 
lower it. In even the most efficient guns with an excellent expansion ratio, 
only about 50% of the potential energy will be converted to mechanical 
energy of the projectile. 


47 


MUZZLE ENERGY 

Muzzle energy is discussed in the chapter on Newton's laws and a 
formula is included. This is a little more on the same subject only from a 
different angle. 

Energy in use at the brief moment the.projectile leaves the muzzle 
can be worked out from the energy that was available in the propellant load. 
We need to know the energy in foot pounds per pound that the powder has 
available. This will vary, but if the actual amount is unknown, an average 
figure of 1,400,000 can be used. We already know from the mathematics 
chapter, that there are 7,000 grains in one pound so there are 200-ft. Ibs, of 
energy in à grain. (1,400,000 + 7,000 = 200) It is then a simple matter of 
multiplying the grains in the load times 200. An example would be 47 grains 
times 200 for 9,400 fi. 165. of energy. Sound high’ It is, This is the total 
amount of energy produced by the powder. It varies, but the total energy 
imparted to the projectile will be only about 35% to 50% of the available 
energy. 

There is a lot of wasted energy. These values are all approximate, 
but the lowest would be the amount of energy used to create the sound. This 
would be so small that it can be discounted. The 1% to 2% of chemical 
energy will be wasted in unburned fuel and simply blown out the muzzle 
into the atmosphere. It will probably burn there and be seen as a muzzle 
flash. (Explained earlier.) The 2*5 to 4% of mechanical energy will be lost to 
friction. Thermal energy used to heat the barrel will take about 25%. The 
largest is more thermal energy in hot gas, which was unused as the projectile 
departed. This will consume about 30% All together, anywhere from 55% to 
60% of the energy is unused for the purpose of propelling the projectile. As 
can easily be seen, a firearm is not an efficient machine. 

For example, Military manual TM 59-1990 asserts that the .30 
caliber M-2 ball cartridge contains 50 grains of powder and has à muzzle 
velocity of 2,800 f.p.s. and a muzzle energy of 2,643 ft-lbs. If we multiply 
the 50 grains times the power potential of 178 ft.-Ibs. per grain (Explained in 
Chapter 4.) we have a potential of 8,900 ft-lbs. of energy. With the energy 
actually at 2,643 ft-lbs., the efficiency is only 29.795. 

The Ist. law of thermodynamics states that energy can be neither 
created nor destroyed and this applies here. The thermal energy that was 
absorbed into the barrel as heat will be changed into radiant energy as it 
cools. It is all accounted for in one way or another. 

EARLY RODMAN TEST 

| Early pressure testing was done by several methods, the most 
important being the Rodman pressure gage. Thomas Rodman was a Captain 
in the Ordnance Dept., U.S. Army, at the time of his invention in 1861. Later 
in his military career, he was promoted to Brig. General. His invention 
consisted of a small metal unit that mounted in a hole drilled into the top of a 
standard receiver, At peak pressure, a piston with a chisel shaped blade 
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would be forced up into a copper plate. The plate and blade would be 
removed and an identical mark would be pressed into the plate by a press, 
which had a pressure gage. The theory was simple, same mark, same 
pressure. 
COPPER & LEAD METHODS 

Many readers who are interested in ballistics have heard of the 
copper crusher method of taking pressure readings. The C.U.P. figure is 
usually about 85%. of the correct pressure and it is peak pressure only. It is 
also a relative pressure and not a true pressure. Still, it is an excellent 
method of comparison, which is highly consistent and accurate. The copper 
crusher method is used for pressures over 15,000 p.s.i. and lead is used for 
pressure below this level. The principal is basic and simple. As the sketch 
shows, the pressure in the chamber pushes upward and compresses ihe 
copper cylinder. Actually, push is not the best word, because the rapidity of 
pressure on the gauge is the same as on the bullet. The piston slams the 
copper like a bullet. 


CYLINDER 


The copper is always made exactly the same in type and size so the 
amount of crush will tell, by past experience, the amount of pressure used to 
deform it. The past experience is recorded on a chart called a farage table, 
which is changed for each new lot of copper crushers. It is still the standard 
method used by ammo makers to check quality,» 

It must be noted that this is not installed in a standard gun. It is part 
af a special pressure-testing unit designed and built for testing purposes only. 
A standard diameter hole is drilled in the case and paper is used to keep in 
the powder. The hole is placed under the piston, The chamber dimensions 
will be accurate and made to standard dimensions. The results will be 
compared to industry standard ammunition to obtain safety in firearms of 
different brands, 

Occasionally the reader may see the initials L.U.P. for lead units of 
pressure or C.U.P. for copper units of pressure, These results indicate the 
method used in testing. 

PIEZO-ELECTRIC GAUGE 

There are other methods of measurement, which gage and depict the 
pressure curve. Clark University's Dr. Arthur G. Webster (1863-1923) 
developed a method used at the Springfield Armory in 1921, Another сапу 
method was Thring's Pressure Recorder, described in the British Textbook af 
Small Arms, in 1929. There is no need to explain the operation of these early 
systems, but the piezo gauge is used at many factories and is worth a brief 
discussion, 

The piezo-electric pressure gauge system gives a picture of the 
pressure as il increases to a peak and falls back to near zero in a time interval 
of perhaps .003 (three thousandths) of a second, Naturally, the time will vary 
as will the pressure and the curve. 

The piezo-electric method of measuring pressure-time uses the fact 
that materials such as tourmaline and quartz generate a small electrostatic 
charge when compressed in a certain direction. The system works because 
the amount of charge is directly proportional to the amount of pressure used 
to compress it. Pieces of quartz crystal are mounted in Bakelite in alternate 
layers with thin metal plates and placed in specially constructed units, A 
steel cylinder is pressed against the crystal by the expanding gas pressure. 
Each metal plate is wired and the total impulse is collected. The electric 
charge is small and has to be amplified because it will be less than one-ten- 
millionth of one coulomb. (A coulomb is the unit quantity of electricity and 
the ampere is the unit of electric current. One coulomb is the amount of 
electricity moved by one ampere in one second, One coulomb is equal to the 
charge of 6.24 * 10'* of electrons.) 

This very tiny electrical charge increases as the pressure increases 
and drops as the pressure drops. The amplified charge is sent to a cathode 
ray tube, which is similar to a television screen. The rays, as in an 
oscilloscope, move across the screen horizontally to depict time and 
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vertically to depict pressure. This creates an ascending and descending 
curve. This graph-like picture is recorded by a camera and converted to 
pressure and time. It is not fast and easy, but it is a faithful depiction of what 
we cannot perceive in any other way. 

HOME METHOD for PRESSURE TESTING 

Costly special equipment is used in laboratories for pressure testing 
and an extra safe area is required. The high temperature and extreme speed 
make the tests difficult to do accurately and safely. If an inventor or hobbyist 
wants pressure testing, there are a few ballistic laboratories that are 
independent of the government and the ammo makers that can do the testing 
for a reasonable fee. 

А chronograph manufacturer sells a home method of measuring 
chamber pressure. A small strain gage is attached to the gun over the 
chamber area where it measures the steel expansion during firing. This 
information is digested and recorded by computer. This does not give a 
precise measurement in p.s.i. but will give an excellent relative pressure. 
Relative means in relation to another test or to a standard, a comparison. 

The same unit will measure velocity by the standard screen method. 
With an acoustic target, it will accurately measure group size on bullets 
traveling at supersonic speed at the range invalved. This is similar to the 
method used by industry. Three special microphones arc used in a triangle 
position Lo pick up the sonic crack from the bullet's passage. The computer 
then triangulates the position of the bullet as it passed through the invisible 
target. 

What is most remarkable about this unit, is that it is available for 
home use at a reasonable cost. In these modern times, a hobbyist can own 
better equipment than a professional laboratory used just a few years ago. 

There are methods to compute the pressure by math, but they 
usually arrive at a figure higher than the test results, Heat dissipation and 
heat loss makes the math solution only fair in accuracy. There is tremendous 
heat generated quickly which is lost to the chamber walls, breech face, 
cartridge case, bullet, etc. It is possible to figure the temperature created but 
not the amount of loss. This makes it impossible to accurately calculate the 
chamber pressure, because the gas expansion is a direct result of heat. 

CASE READING FOR PRESSURE SIGNS 

Without expensive equipment, how can a shooter or hand-loader be 
safe and still experiment? One way is to read the signs on the fired cases. 
Some people will not recommend this method because a dangerous 
situation can develop before it is noticed. While that is true, it can 
usually be done safely if common sense and caution are used. Be careful. 

First, we have to assume that all proper procedures are followed and 
case damage is correctly interpreted, Bad and overworked brass can have 
split case necks and other faults. Improper sizing can cause head separation. 
Primers can move out of their pockets from excessive headspace and/or low 
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pressure, A bulged case may be caused by excessive pressure or from a 
poorly reamed and oversized chamber, In other words, the pressure may be 
normal and the cases may still be flawed. Bul there are case problems that 
probably are caused by excessive and dangerous chamber pressure. 

With the pressure levels used in modern rifle ammunition, a 
diameter check can be made on the case just above the extraction groove or 
if a rimmed case is checked, then close ahead of the rim. A belted case can 
be checked on the bell. The check is made for expansion and compared to 
factory ammo fired in the same gun. A good micrometer and a delicate touch 
is needed because a variation as small as 0002" (two ten thousandtilis) is 
unportant. Even better is „0001 if it can be checked with accuracy. 

Inside the extractor groove is a good place to check, bul special 
equipment is required. Vernier and dial calipers will fit into the groove, but 
usually they cannot be read with the accuracy that can be achieved with a 
micrometer, 0" to 1" blade micrometers can be used. These special 
instruments are a little larger than normal 0" to 1" micrometers. Instead of 
the standard round gauging surfaces, they have thin blades that will fit inside 
grooves, Sometimes, wires can be fitted and held inside the grooves and the 
check made over the wire with a standard micrometer. Not all cartridges are 
suitable for this and it requires some hand dexterity, It also requires 2 pieces 
of wire, one for each side that are straight, accurate, and just the right size. A 
set of thread checking wires is excellent, but the cost is not cheap. 

Tip: Purchase a standard or something that is of a known size and 
very accurate, such as the 1" gauge that comes with a set of 1" to 2" 
micrometers. The rounded disk type is better than the straight rod type. Use 
it to practice the delicate feel that is required for accurate micrometer 
readings, Running the micrometer down to zero gives the appearance of 
doing the same, but the two flat surfaces, to an experienced machinist, have a 
different feel than the flat micrometer surface against a round surface. 

No matter where the check is made, make it at numerous places 
around the case because it will seldom be períectly round. Check new brass 
and after fining it, check it again Hand-loaded ammunition should not 
expand a case more than factory ammunition. Cartridge brass will all be 
different from manufacturer to. manufacturer and lot to lot. This will be 
important to keep in mind. Also remember this only measures expansion, not 
actual pressure. Some guns, such as those with fluted chambers, cannot be 
checked this way. 

A blown primer is a certain sign of high pressure, There could be 
other reasons beyond the powder charge that demand a close look, for 
example, a bullet with too large a diameter. 

Flattened primers can be an indication of high pressure, especially if 
the gun does not otherwise cause this problem. If factory ammo primers are 
flattened, the headspace is the first check to make. 
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Tight case extraction is frequently used as a check for excessive 
pressure. In some instances this will work, but the exceptions can be 
dangerous. Many times, the brass will not yield until the pressure is far 
beyond the danger point. There may be no warning until the damage is donc, 
Another concern is the condition of the chamber itself. None are equal, and a 
rough chamber will grip a cartridge while one made smooth and polished 
slick, may come out easily even if excessive pressure has expanded the case. 
Of course, case type and condition are also factors. If standard factory 
cartridges will extract properly and a hand-load doesn't, pressure is а 
probable cause. Repeating something said frequently in this book, use 
caution and think. Guns can be replaced. Fingers and eyes cannot. 

This problem with case expansion is not limited to high velocity 
rifle cartridges. They can occur with low-pressure cartridges as used in some 
revolvers. 55,000 psi. in a 45,000 psi. case is not required. If a case 15 
designed and manufactured for 18,000 p.s.i. and it is subjected to 23,000 
p.s.i., it will expand to fill the chamber. 

A primer pocket that is not defined as clearly as it was before firing 
is another sign. A change in primer can cause a change in pressure, and a 
larger than normal flash hole can create a slight pressure increase. Although 
the increase from these last two will be very small. 

BACKWARD THRUST – BREECH PRESSURE 

Back thrust is the term used 10 describe the pressure exerted by the 
cartridge case or shot case head when fired. The pressure 15 toward the rear 
against the bolt, breechlock, standing breech, etc. An approximate value for 
the back thrust pressure can be found by multiplying the area of the cartridge 
head, in square inches, times the chamber pressure, in Ibs. per square inch. 

This is sometimes called breech pressure, which is correct. But do 
not mix the term breech pressure with chamber pressure, which will be a 
much higher figure, 

PEAK PRESSURE 

As the hot expanding gases begin to push against the bullet, it 15 
reluctant to move. The heavier the bullet, the tighter the case mouth, the 
shorter the freebore, and many other things cause the bullet to be reluctant 
toward movement As the bullet resists movement, the pressure climbs 
rapidly. The cause of the pressure peak is the lack of adequate space for the 
gas to expand into because the volume of gas rapidly increases at a faster 
rate than the space increases. When the projectile reaches enough velocity 
and the space behind it increases enough that the volume of gas is increasing 
at the same rate, the pressure will begin to drop as the bullet continues and 
increases the space. The bullet is moving fast enough to supply more space 
behind it than the advancing gases can fill and maintain pressure, so the 
pressure drops. ' 

Peak pressure is, as the name implies, the maximum pressure in the 
chamber. It has occurred and is measured before the projectile has moved à 
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maximum one forth the lengih down the barrel, and usually much less. Peak 
pressure is what really counts in avoiding damage to a gun or in reaching a 
velocity. Many elements are involved and all are important; type of powder, 
amount of powder, bullet weight and design, seating depth of bullet, type of 
primer, installation of primer, cartridge design, cartridge internal capacity, 
firmness of bullet in case, temperature and humidity, chamber condition and 
dimensions, bore size in relation to bullet diameter, and bore condition. This 
is just a partial list, but as you can see, it is nol easy or simple, 

The pressure starts to increase from primer ignition and quickly 
reaches a peak and then drops back again to zero a small fraction of a second 
after the bullet leaves the muzzle. The peak pressure will be reached in from 
0005 to .001 of a second. (Five ten-thousandth to one thousandth. } In most 
shotguns, the load will have moved in that short time from a half an inch to 
one and a half inches. In most center-fire rifles it will be about the same but 
it will be somewhat less for most handguns. 


PRESSURE in p.s.i. 


PEAK 


MEAN PRESSURE 


TIME in seconds 
i— Él == ылы т “= == 

The peak pressure is what does most, although not all, of the work 
and can also do most of the damage. The Sporting Arms and Manufacturers 
Institute (SAAMI) has established safe maximum pressure standards for 
most L.S. made ammunition. Military ammunition is made to military 
specifications and the specifications are very rigid and precise. 

Velocity ts the speed of the bullet in flight, usually given in feet per 
second (f.p.s.) and can be measured at any point from the muzzle to impact. 
(There will be more on this subject in other chapters.) Chamber pressure is a 
factor in velocity, as is the length of time the pressure is applied. Progressive 
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powders, which instead of burning at a uniform rate, bum al а rate thal 
increases as the pressure in the case and chamber increase, will increase 
velocity. The pressure is held against the bullet for further down the barrel 
because the pressure lasts longer. Pressure and time (duration of pressure) 
are both important as are other factors we will discuss. 

Chamber pressure is frequently measured in pounds per square inch 
(p.s.i.) and if everything else is equal (not an easy task), more pressure will 
increase velocity. A chamber pressure of 50,000 p.s.i. on a bullet with a base 
area of і of a square inch would give a pressure against the bullet of 10,000 
( 50,000 * 1). If the bullet was bigger and had an area of 1 square inch, then 
it can be easily seen that the pressure would be increased to 12,500 (50,000 * 
1) The larger bullet would have the higher velocity if the pressure was 
retained for the same period of time and the bullet's weight was the same. 
Even though the chamber pressure was the same at 50,000 p.s.i, the effective 
pressure on the base of the bullet would be more. Technically, the pressure 
would still be 50,000 p.s.i., but its effective push is controlled by the size of 
the area it acts upon. 

When we neck down a case lo use a smaller caliber bullet, we 
obtain a higher velocity because even though the base of the bullet is less, 
the gas volume is the same (same case) and better fills the smaller diameter 
bore. As a result, the pressure - and therefore the push - continues for a 
longer time, Remember, both pressure and time are important. Of course we 
are not considering that the smaller bullet is lighter but that will also help 
increase the velocity. 

Factory ammunition is loaded moderately so it will never get near 
the maximum operating pressure. This is complicated for factories and hand- 
loaders alike because of the relationship between velocity and pressure. 
Fundamentally, the pressure percent will vary by about double the percent of 
the velocity varied. In other words, a 3% increase in velocity will be 
accompanied by a 6% increase in chamber pressure. If the cartridge is loaded 
close to the limit it could casily slip over the line of maximum allowable 
pressure. Factory ammunition is held low so fluctuations in pressure will 
never become unsafe. 

Hand-loaders can operate closer to the maximum safe allowable 
pressure by the use of better quality control than is possible in a factory 
environment. Keeping in mind, for safety, that a change in velocity will also 
cause a change in pressure at about double the percent. If operating close to 
maximum load, a small percent velocity increase can push pressure over the 
safe limit. (This is reminiscent of the old question, which came first, the 
chicken or the egg. To be precise, the pressure would be first and then the 
velocity as a consequence.) 

Testing shows that an increase in pressure can, at times, actually 
lower velocity. Some things, such as bullet size, that increase pressure also 
increase the friction between the bore and the bullet Others, like scating 
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depth and tightness in the cartridge, will do the same. There are more, but 
the point is made that while a pressure increase will usually increase bullet 
velocity, it will not always do во, 
AVERAGE PRESSURE 

Many of the math equations use pressure, It is obvious that the 
lowest starting pressure would not be usable, but neither is the peak pressure. 
The pressure, if plotted on a graph as a curved line, will climb rapidly 10 a 
peak, drop rapidly, and then drop slower as the projectile accelerates down 
the bore, What is required is average pressure. 
Ф The average pressure is calculated from the energy and the volume. 


Pressure = Energy / Volume 


Where: Volume is the bore area based on cross-sectional area times length. 
PRESSURE LIMITS 

In 1971, the H. P. White Laboratory tested revolver pressure 
overloads for the Treasury Dept, With the .38 Special, they found that light- 
frame and cheap guns may experience a failure at 50,000 CUP. Medium 
frame guns of high quality could stand up to 70,000 CUP. This does not 
mean that all cheap guns will be safe up to 50,000 CUP and better quality 
weapons at 70,000 CLIP. One important lesson; there is а major difference 
between metallurgy of cheap guns and quality guns. The old expression that 
"you get what you pay for" applies to firearms. 
+ Actions and cartridges must be a suitable match for pressure as well 
as cartridge fit, For example, it is possible to change barrels and convert a 
.30-40 Krag to 30-06. The .30-40 Krag produces a breech pressure of about 
43,000 p.si. and the -30-06 about 55,000 psi The Krag action and its 
single locking lug cannot safely handle the extra 12,000 p.s.i. 
Ф The U.S, Springfield Trapdoor models of about 1873 to 1884 are 
safe at pressures up lo a maximum of about 25,000 p.s i. Reproduction black 
powder cartridges are available so stay away from modern cartridges for this 
and most other old guns. 

(Refer to "elastic properties" on page 61.) 
WHIP, FLEX, BULGE & OTHER BARREL PHENOMENA 

Many of the phenomena discussed here are very slight, but testing 
can prove them factual and they strongly influence accuracy. They also are 
why shooters desirous of extreme accuracy use barrels and actions that are 
bedded so there is no contact with the wood (free floating). Also, heavy stiff 
barrels are not practical to carry for hunting, but they are the best for 
accuracy because of the reduced twisting, bending, flexing, etc. The lighter 
and thinner the barrel, the more it is affected by these forces. 

That gas expands equally in all directions is a basic fact. Not just 
against the bulles base and the rear of the chamber but outward in all 
directions. The pressure on the barrel diameter creates a barrel expansion. 
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Swelling is another word that describes the action very well, The amount will 
depend on the type of barrel, thickness of wall, type of metal, and other 
factors, but it definitely will expand, The expansion will be the largest at the 
breech end and will be less as the bullet moves down the bore and the 
pressure drops. As the projectile passes, the expansion diminishes. 

A fair analogy would be the pictures seen on educational television 
of a giant snake swallowing a small animal. The outside of the snake 
expands as the meal is swallowed. The slowly moving bulge easily shows 
the location of the consumed animal, For all purposes, the same thing 
happens to the gun barrel. Faster and for different reasons, but still about the 
same thing. 

Firing a bullet into à substance such as water, where it can be 
recovered without damage, can prove this. Measure the diameter of the 
bullet and repeat the operation after cutting off an inch of the barrel at the 
muzzle, Continue to remove inches of barrel and measuring the bullet 
diameters. The bullets will be larger as the barrel is shortened, The bore 
diameter should have been the same for its entire length before firing. Of 
course, an extra heavy bull barrel will not expand as much as a thinner barrel 
because the cooler and thicker outside surrounds it and holds it in. 

Upon firing, the fixed barrel is suddenly twisted by the bullet being 
forced to rotate in the rifling (helical cut grooves). The torque required to 
start the bullet rotating imparts a distortion on the barrel that increases as the 
bullet moves farther away from the action and other holding points. This is a 
counter rotation to the bullet. An interesting point is that the barrel distortion 
created by torque precedes the bullet down the barrel. (That is, it moves 
ahead of the bullet.) It stands to reason then, that if the barrel is affected 
ahead of the bullet, that good accuracy cannot be obtained by laying or 
touching the barrel to any hard object at the time of firing. The barrel has to 
be able to move in its normal way. 

There is tremendous tensile stress placed upon the steel barrel and 
chamber caused by rapid expansion from the intense heat and the subsequent 
cooling and contraction, The gas molecules colliding with the inside of the 
barrel impart thermal energy (heat) to the steel as they slow down from the 
collisions. Cracking and failure caused by stress fatigue is the normal 
consequence. The weak points in the grain texture of the steel, or faults in 
the design or manufacture, are the likely places. 

Any object that is horizontal and supported only on one end and the 
middle will have a droop at the unsupported end (if only slightly) and a rifle 
barrel is no exception. We must also consider the barrel may not be perfectly 
straight from other reasons. In amy case, the force of the bullet and the 
rapidly expanding hot gas will try to straighten the barrel. The molecular 
bombardment creates shock waves that influence the steel. Also, the 
combined result will be a vibration, as it is frequently called. 
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A vibration is described as a periodic reversal of motion. Some 
people believe the barrel movement is better portrayed by a different word. 
Probably vibration indicates more cycles up and down than actually happen. 
In many barrels, there will be a movement, but not in the form of cycles. 
But, call it whatever you wish, the movement is-real. 

A thin barrel, as used on the Winchester Model 70, will flex down 
as the bullet is fired and will most likely not be straight at the moment the 
bullet leaves the muzzle. If properly sighted in, it will present no problem so 
long as the ammunition remains the same. Any change in load or ammo will 
cause the bullet to leave the barrel at a different point in the arc and can 
cause a big difference in the impact point. A very thick diameter barrel will 
correct the problem, but is not suitable on a hunting weapon due to weight. 

The rearward recoil starts the whip at the breech end, usually 
downward, and it is instantly followed by a counter action. This action is 
helped along by the bore axis being above the point where the stock is 
restrained at the shooter's shoulder. Many items contribute to this, such as 
barrel thickness, barrel length, mass distribution (barrel shape), forestock, 
stock and bedding, cartridge, load, etc. 

A fisherman's fly rod will demonstrate this downward flex. Hold 
the rod out horizontally and touching only the handle; give it a sudden snap 
upward. Notice that the tip started down for a split second before it followed 
the rest of the rod up. If it was hard to see, try it again. The similarity is close 
enough to envision the barrel doing the same only in a lesser amount. 

Perhaps a good technical description would be "a deflection away 
from the direction of original movement, the magnitude of it building up 
logarithmically with respect to time." | 

For example, let us say we have a .22 rifle barrel that is .750 inch 
diameter and 24 inches long. The bullet will take about .004 (4 thousandths) 
of a second to exit the muzzle. If the barrel whips down 4 minutes below the 
zero line, the upswing will be 0.19 minutes above the zero line, Of course 
ihe main concern is how the muzzle is curved from the main axis, not the 
barrel behind it. At the muzzle it will be about 0.5 minutes. 

In the above example, a tapered barrel of the same weight would 
have less droop and less whip. The droop, if not supported at the recciver, 
would be 1.7 minutes and the more important muzzle figure would be 2.18 
minutes from the zero line. Of course, in most firearms there would be 
support past the receiver, but this example shows that droop and whip are not 
fantasy. The barrels are made of thick steel that people cannot bend, but 
ather forces can. 

The whip may be extreme enough that the barrel will move both 
above and below the zero line while the bullet is still inside. The starting 
movement, while usually down, can be either up or down and measurements 
show that 7 to 15 minutes of angle is common. (A degrec is divided into 60 
minutes and each minute into 60 seconds. In this respect, a degree is similar 
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to an hour of time.) The .22 is more likely to make the initial movement 
down, than are the bigger calibers, which may flex up. 

Some reports have stated that the whip is almost always afier the 
bullet leaves the muzzle, but this is just not true. Life would be easier if it 
worked that way, but in most instances, the bullet is still in the bore and 
influenced by the movement. 

With a rifle that shoots consistently in one place on the target, try a 
shot with the barrel end placed on something firm that will prevent the down 
movement. If this particular barrel fips down, then the bullet will be higher 
on the target because it will be prevented from doing so. 

The whip, vibration, and twist can be reduced by the addition of 
weight to the barrel. It is not uncommon for shooters trying for tight groups 
in target work to add weights that are adjustable as to position along the 
barrel. Careful test shooting at different positions will show where the best 
results are obtained. 

One cheap method is to use two blocks of steel about 2" x 2" x 1". 
Place them together and drill а hole at the junction the same diameter as the 
barrel. If ample taper is required, a metal lathe may be needed. Add a thin 
cloth or piece of rubber shim to prevent slippage and barrel scratches. 
Staying in the bulk alongside the barrel, drill bolt clearance holes in the top 
piece to correspond with taped holes in the lower picce. The position on the 
barrel is important. It will take testing to find the proper location. The 
moment of inertia and the balance point in relation to where the bending and 
twisting take place are critical. 

Barrel weight is important in another way. The center of gravity of 
the gun is moved forward and this helps hold it down. Handguns in heavy 
calibers gain much in this respect. 

One reason for different loads or different ammunition striking tlie 
target at à different place may not be the trajectory. If the trajectory is about 
the same, the bullet may be leaving the barrel when it is at a different place 
in its movement from whip or flex. Ta hit the target at a consistent place, 
the bullet must always leave the moving barrel when it is at its same 
point in that movement. The only way to be certain where a load will strike 
is by sighting and test firing. Change load or ammunition type and test again, 
even if the trajectory looks the same on paper. 

The action time is the time between the firing pin hitting the primer 
and the bullet exiting at the muzzle. This time will not only change with 
different types of ammo, it will vary slightly from one shot to the next. The 
shots that have the lower velocity will take longer 10 exit the barrel and will 
leave at a higher angle. The lower velocity shots will, therefore, strike higher 
on the game or target. 

A lightweight and fast bullet will be farther down the bore when the 
barrel jump occurs, as compared to a slower and heavier bullet. This imparts 
a higher angle of departure for the heavier bullet. 
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Compensation is the word used to describe some of what we have 
been discussing, Included are the rifle’s jump and the angle between the bore 
direction before and during discharge. These are results of the forces of 
discharge that producing bending. Some rifles are believed to shoot tighter 
groups in the vertical plane at the longer ranges than at the shorter ranges. It 
is when bullets with low velocity leave the barrel at a higher angle than 
faster bullets and the vertical spread on the target is less than predicted. It 
can be called either favorable or unfavorable. Favorable compensation is 
where lower muzzle velocity delivers shots at a slightly higher angle, 
consequently decreasing the element of the vertical spread at long range that 
results from velocity variations and producing a small spread. Unfavorable 
compensation is where higher velocity produces a larger spread Some 
authorities disregard the velocity and just consider the group size in 
determining whether the compensation is favorable or unfavorable, although 
most experts consider the velocity as an important consideration. 

NOTE: From a practical point of view, it is illogical for a group to 
be tighter at a long range than at a shorter range. If so, it would be a freak 
occurrence and not likely to happen on a regular basis. Dispersion will 
always become greater in proportion to range. For thc opposite to occur, 
the projectiles would have to tum inward from whatever track they were 
following. If they were curving to the left, they would have to swing back to 
the right, and if they were on the right turning downward they would have to 
tum left and curve upwards, 

While there are advantages to longer barrels, up to a point, the 
shorter barrels are not as influenced by the twisting and whip, etc. of the 
longer barrel. Heavy, thick bull type barrels are also less affected but heavy 
to carry. Most carried guns, including handguns, require a compromise by 
necessity. In a rifle, a thin, long barrel will be influenced the most. A long 
barrel will vibrate (or move, whip, bend or whatever) more than a short 
barrel. The long barrel may not necessarily be more accurate. It may be 
worse, unless it is very heavy and thick. 

On the other hand, as was mentioned, a longer barrel will give a 
higher velocity up to a certain length. The powder will mostly all burn and 
thé gas pressure has time to give a longer push, but the velocity increase may 
be slight. (This is covered in detail in Chapter 11.) 

A 40-06 cartridge that has a muzzle velocity of 2,600 f p.s. in a 20" 
barrel goes to 2,700 f p.s. in a 24" barrel. The same cartridge in a 30" barrel 
will produce 2.850 f p.s. Of course, not all cartridges fit this exact pattern, 
but this one will gain 25 f.p.s. for each additional inch. The .22 long rifle is 
most efficient at between 18" and 22" in barrel length. All calibers and 
cartridges have a specific length where the expanding gas and powder have 
done their job. (See Chapter 11) They will not be able to continue to 
е the bullet against friction and drag and more length will have no 
benefit 
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Jump is a barrel movement that constantly influences the striking 
point because И always occurs while the projectile is still inside the bore. It 
moves the barrel up and back as the gun pivots about the point of resistance, 
which is usually the shooter's shoulder. 

A sling can pull the barrel out of proper alignment by up to 3 
minutes ata 10-Ibs. pull. A properly fitting one-piece stock helps reduce this. 
Also, proper stock bedding, especially at the fore-end, can frequently 
improve accuracy. 

A lateral jump (sideways displacement) is common in many rifles. 
The amount has been determined for many military rifles. For example, the 
.30-'06 bullet from a 1903 Springfield rifle was found to be a little to the left 
at a 500-yard range. The gyroscopic drift to the right from a right twist barrel 
is not enough to overcome the lateral jump until a longer range. 

PROOF: In the late 1950's and early 1960's, a large number of 
British No. 4 rifles in 7.65 mm were converted from the service barrel to 
barrels that were thicker and heavier. The original barrels weighed 2-lbs. 9 
az. The new barrel's weight was 4 pounds. There was a clear improvement in 
the group size at both moderate and long range. 

The testing also showed that the barrel was moving upward while 
the bullet was still in the bore. Changing to higher velocity ammunition 
caused the bullet to move dawn the bore faster and exit while the barrel was 
at a lower point. The faster velocity bullet not only had a fatter trajectory 
but a lower elevation. 

Both of the two items pointed out about the No. 4 rifle prove items 
mentioned earlier. 

RECOIL: In barrel movement, there is a jump or rise caused by 
recoil. This should not be confused with a much smaller change, whip, 
which is usually down and is a bending of the barrel itself. (Recoil is 
explained in detail in Chapter 6.) 

ELASTIC PROPERTIES 

Much of the barrel bulging and other changes are caused by the 
steel's elastic properties. We tend to think of stcel as being unyielding. It is 
hard to visualize steel, whether cold or hot, being flexible; but it is. It will 
flex, expand, stretch, spring, and change in many ways and has the ability to 
recover its original shape without permanent damage, up to the yield point. 
All material has a limit, called an elastic Jimi, and Hooke's Law states that 
within the elastic limit, deformation produced is proportional to the stress. 
(Or force, if you prefer that term.) Hooke's Law, by the way, is named after 
Robert Hooke, 1635-1703. He correctly stated that all materials, including 
steel, will be deformed and not retum to normal if stressed beyond that limit. 
Worded in another way, the material, a gun barrel in this instance, has 
resilience; that is the ability to bounce or spring back as long as the 
maximum elastic limit is not reached, 
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For barrels, much of the stress comes from the hot expanding раз. 
There are as many variables as there are barrels. No two are equal, even in 
the same model. For an example, consider an average rifle barrel that uses 
cariridges that are loaded to maintain a pressure peak at or below 50,000 
p.s4. For these barrels, pressures in the vicinity of 80,000 p.s.i. may cause а 
deformation that will be permanent. If the pressure reaches 140,000 p.s.i. à 
catastrophic rupture may occur. (These are fancy words that mean it will 
destroy the fircarm and may remove a few required human body parts.) 
CARTRIDGE SHAPES 

Mot all authorities agree on the aspects of pressure and how it 
relates to different cartridge shapes. Muzzle velocity is easy to test and peak 
pressure, while more difficult for the nonprofessional, is still basically an 
easy task. Back in the 1940's, Olin Industries ballistic laboratory in New 
Haven, Connecticut had the equipment and talent to take high-speed x-ray 
photographs of firearms in use. 1/1,000,000 (one millionth) of a second 
exposure through a 360,000-volt x-ray machine made great photos of bullets 
and shot pellets as they moved down the bore. Sull, we cannot normally see 
what is happening in a chamber at ignition. We can only surmise and guess 
based on what facts we know about physics and chemistry and what actions 
seem logical. lt is no wonder that people cannot always agree, because a lot 
has to be taken on the mental acceptance of something unseen and unproven, 
Faith is fine in religion but falls short in science. 

In tapered and bottleneck cartridge cases, not all of the total 
pressure inside is expended rearward. Some of the pressure is used against 
the tapered walls and case shoulder on the front end and attempts to hold the 
case toward the front. 

TEMPERATURE CHANGES 

Heat can and does increase the pressure and give a higher velocity, 
The problem is caused when the pressure increase is more than safe. Hunters 
in the colder climates of the far north sometimes make up both winter loads 
and summer loads. There can be a problem with excess pressure in using 
winter loads in the summer. A very hot chamber from rapid firing can cause 
the same danger if a cartridge is allowed to stay in the chamber for a period 
af time before firing. 

The heat from the hot expanding gas does very little to erode or 
burn away the bore. That it does cut away the metal has been a common 
belief for many years and it sounds logical and reasonable. The difficulty is 
that it is not true, at least not with the intent that is applied. It may remove a 
uny amount of metal but the amount is so small that it is unimportant. 1f hot 
gas caused the metal erosion it would be where the projectile sealed the 
smallest and permitted the gas to escape past the bullet. That area is in the 
grooves but they erode the smallest amount. The lands wear the most starting 
al the chamber, Bullet surface friction is the primary source, although the 
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heat from the gas will be a contributing factor and only a contributing factor, 
and nothing more. 

That is not to say that heat does not have any effect. It can damage a 
barrel and change its accuracy. Machine gun barrels can have a very short 
life due to heat problems. Early barrels have even been watcr-cooled. 
Machine gun barrels can also expand so much that the rifling has little 
influence and the bullets will have no gyroscopic stability. The gases 
escaping around the bullet will also lower the push, and in turn the velocity 
and energy. Many machine gun barrels develop these problems in 500 to 700 
rounds, or less. 

While most of us aren't concerned with long bursts from machine 
guns, the heat created from а normal weapon can influence accuracy and 
wear. The heat that is transferred to the barrel and action is lost and wasted. 
Only about 30% of the heat created is gainfully used to expand the gas and 
push the bullet. Another 30% is wasted on heating the barrel and the 40% 
balance goes to recoil, noise and escaping at the muzzle, With only about 
30% being useful in creating kinetic energy, a firearm is not an efficient 
machine. (Note: Readers with good memories will notice that different 
figures were given a few pages back. That was energy and this is heat. 
Similar but different.) 

The heat produced can exceed the melting point of the steel in the 
barrel. The short time the heat is influencing the metal is the only thing 
saving it from greater damage. In the last chapter, it was stated that the 
temperature might reach about 3,550" Е, and most barrel steel will melt at 
about 2,500? Е, The heat is dispersed by radiation into the air and by 
conduction into the stock and anything else touching it. 

A heavy barrel absorbs more heat than a thin barrel and the larger 
surface area gives an increased heat transfer to the surrounding air. The 
heavy barrel has advantages in rigidity. They are usually inconvenient to 
carry hunting, but excellent for bench-rest and some other uses. 

TIME 

The time involved in interior ballistics is divided into several areas. 

Lock time is the first, and it accrues before ignition. It is the time 
from when the trigger releases the sear until the firing pin hits the primer. 

Ignition time takes over at the end of lock time. It is the time 
between when the firing pin strikes the primer and when the pressure of the 
hot gases is high enough to start the bullet moving from the case. 

Barrel time is next and it starts where ignition time ended, It is the 
time from the bullet's first movement out of the case until it arrives at the 
muzzle. An average time for this action will be around .001 second. (One 
thousandth of a second.) 

While it seems impossible to measure these short time intervals, it 
is almost easy with modem technology, Early science measured them 
accurately with methods that today seem crude. 
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It is possible to obtain an approximate lock time from a formula, 
S= {lm ^  ¢= square root of 2 ms /f 


Where: = weight af the spring А 
5 = length of travel for firing pin 
i= time pin takes to drop 
m = mass of the firing pin + 3 the mass of the spring 


BARREL OBSTRUCTION 

To prevent excessive pressure from damaging the gun and possible 
injury to the shooter, the bullet must be able to move forward out of the case 
and through the bore to the exit. It is easy to understand the dangerous 
situation created by a barrel obstruction, If the chamber neck is undersized or 
the bullet is much oversized or the case neck itself is big, especially with a 
bullet seated, use caution. The bullet will be held in place and the expanding 
gas will have no avenue of escape. The pressure will increase rapidly and the 
burning rate will increase as well. The two will "chase each other" until 
something blows out and the pressure is released. 

BARREL LENGTH 

A ballistics development is the Browning BOSS, which stands for 
Ballistic Optimizing Shooting System. This is a device that is threaded onto 
the muzzle end of the barrel and looks like a compensator, which in part, it 
is. It also can be used to adjust the barrel's length, which, it is claimed, will 
tighten groups by reducing or shifting the vibration pattern. 

As can be understood by a study of this chapter, a change in barrel 
length will also alter the barrels amplitude of vibration. Or simply put, it 
will vibrate or tremble differently. This will change the bullet's impact point, 
for better or for worse, or make it more consistent. 

It has long been known that in some cases, the simple act of 
removing an inch of barrel and then recrowning it can improve accuracy. 
Adding length would help at times, but this was not possible. All guns and 
barrels are slightly different, and what is correct for one may not be for 
another. 

The public will see more of this innovative idea in the future. For 
ballistic studies, it proves some of the whip and vibration beliefs that à few 
readers may not have accepted. A lot of science and physics, whether for 
ballistics or any other subject, requires some faith. We have to prove and 
understand what cannot be seen, by observing other things that can be seen. 
NOTES: 

* Powder must be added by handloaders with caution No two 
powders or conditions are alike, but as a general rule, if we increase the 
аде weight by 5%, then the pressure will be increased by approximately 
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E lt is wrong to believe that a fine grained and quicker burning 
powder always gives a higher pressure. Other factors must be considered. 

From ignition to exit at the muzzle, the time a bullet is in the barrel 
is called barre! time. A .22 Long Rifle in a 22-inch long barrel will be about 
003 seconds, (Three thousandths of a second.) 

+ Guns operating at very low pressures have problems with holding a 
consistent velocity and with unreliable ignition. Low pressure also requires a 
light bullet to obtain ample velocity and also will develop low energy. 

Ф A little basic math: For any enclosed bore or caliber, the volume is 
proportional to the square of the radius. 

+ More basic math: If we double the bore diameter, the bore area 
increases 4 times, (2° = 4.) 

Ф A Naval Academy text has the following statement: "..........а shot 
from а cold gun usually falls short................ consistent shifts in deflection 
after the initial round have been observed in the case of some guns, and it is 
probable that such shifts occur for all guns, though they may often be small 
enough to escape notice." This is based on larger guns, but the rules are the 
same. П does not change accuracy as far as group size, but it will change 
group position. 

* We have discussed all the heat expansion and twisting and bending 
of gun barrels. We have shown the advantage of a thick bull barrel for 
accuracy. It is interesting to note that the pressure exerted by the expanding 
gases can be contained in a thin barrel, Tests have shown that à barrel can be 
machined down amazingly thin and still hold normal ammo. Of course, this 
would be inaccurate as well as unsafe. After all, normal barrels have burst 
because of heavy loads, damage, or a factory defect. 

CLOSING POINT 

A gun barrel is subjected ta lateral accelerations, stretch from gas 
pressure, expansion from gas pressure, recoil jump, gyroscopic forces from 
the bullet, counter rotation, whip up or down, friction from bullet and gas, 
high temperature expansion, and bend by combustion of a displaced mass, 
and pressure from the stock, shooters grip, sling strain, etc. 

The end result will depend on how many of these factors cancel 
each other out or work together in the same direction. Another consideration 
is the effort to keep them all the same from shot to shot, so that things will 
remain consistent, which is no easy task. 

Chamber pressure is not just a subject to study in an academic 
manner. People with old weapons in poor condition or perhaps trying to find 
a cartridge that will work in grandpa's old Remington Rolling Block of 
unknown caliber, have to use caution. And hand-loaders know the risk they 
take in disregarding published figures. Don't they? 
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CHAPTER 6 


RECOIL 


In addition to being painful, recoil can be confusing if it is studied 
in detail, As with most ficlds of science, there is more to the subject than is 
noticeable on the surface. To properly understand recoil, some basic 
mathematics is required, As always in this book, the math will be available 
for readers that are interested and can be omitted by those thal would just as 
soon disregard iL This explanation will nicely cover the subject even if the 
reader skips the mathematics. Let's try to break it down and explain it in easy 
terms. 

THE BASIC FACTS 

As we discussed in an earlier chapter, Sir Isaac Newton reported in 
the late 17th. Century that for every action there is an equal and opposite 
reaction. Know ав Newton's third law of motion, it is the basis for the 
rearward push of a gun. Sometimes called kick, yet kick is but a part of 
recoil, which is the best word to use. Kick is the feeling or sensation felt by 
the shooter and is different than the specific energy measured in foot pounds 
as recoil. 

A quick way to visualize recoil is to skip a lot of the small details 
and consider only weight. That isn't to say that the other things аге not 
important, for they are, but now we want just the simple basics. For an 
example, let us use a rifle that weighs 9 Ibs. With 7,000 grains to a pound, 
the gun weighs 63,000 grains. If we use a 150-grain bullet, the gun will 
weigh 420 times more than the bullet. Recoil will be 1/420th. of the bullet's 
velocity. As stated, this is a sunplified explanation. 

The average military rifle weighs about 400 times more than the 
bullet. A shotgun will recoil harder because the weight of the shot is heavier 
in proportion to the gun's weight. The weight of the projectile affects recoil 
and so will the weight of the gun. A heavy gun will recoil less than a lighter 
рип if the projectile is of equal weight. 

The expanding gas of the burning powder causes recoil. It forces 
the bullet out of the case and down the barrel and exerts an equal force back 
against the rear of the chamber, breech, stock, grips, etc. The force is the 
same in both directions, but the gun is much heavier than the bullet so it 15 
easy to understand why the bullet is moved much faster and farther than the 
gun. 

Therefore, we sce that everything else staying equal; a heavier 
bullet will increase recoil because it will require a heavier force to move it 
forward and hence a heavier force to the rear as recoil. 
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Recoil has a major influence on the impact point, because the barrel 
is moving up as the bullet comes out of the muzzle. This will be the same as 
long as the ammunition and load remain the same. Any change in 
ammunition will also change the point of impact. (While barrel whip is 
connected with recoil, it is explained in detail in Chapter 5.) 

ADVANCED FACTS 

The products of combustion generated at the time of ignition, 
mostly gas, but including a tiny amount of liquid and solids, have the exact 
same weight as the powder itself. This travels out the barrel with the bullet 
and should be included in any weight that is used to figure recoil energy, A 
black powder charge is heavier than smokeless and it is noticeable in the 
heavier recoil af some weapons. Big revolvers made for large loads of black 
powder have a heavy kick and are especially good at demonstrating this fact. 

A key word is acceleration because the recoil, as mentioned, 
begins the instant of ignition and continues as the bullet and expanding gases 
are accelerating through the bore. 

Recoil begins the instant the bullet starts to move from the case and 
may move the barrel some in relation to the intended point of impact. This 
initial recoil is measurable but it is not a factor in aiming because if the 
weapon is sighted-in properly and other things are equal, the barrel 
movement will be the same with each shot. The change in the bullet's path 
will be the same, but with only one type of ammunition. A change in ammo 
may require a change in sight adjustment. 

MUZZLE BLAST 

Although it has little effect on the bullet and its flight, adding only 
about 1% to the velocity, there is an influence on recoil from the backward 
push of expanding gas after the bullet leaves the barrel. The gas pressure has 
already started the recoil process, and an extra push is given to the muzzle by 
the pressure of gas as it expands in all directions. Obviously, the bigger the 
area of the muzzle, the bigger the push. The amount of force depends mainly 
on the expansion volume inside the barrel while the bullet is still there. This 
is one of the reasons a short barreled carbine with a high expansion factor 
may have a light recoil. Experts do not agree on how much of the kick is 
owed to this external push, They do agree that the expanding gas leaves the 
muzzle at a speed much higher than the speed of the bullet. This gives a 
reactive push to the muzzle. Of course, in the event of a barrel long enough 
for things to slow down inside, this would not be true, but barrels are not 
used in these extra long lengths. (What would be considered too long would 
depend on the cartridge and caliber and a few other things, as explained 
elsewhere.) , 

Measured by the U. 5. Anny on artillery at 4,700 f p.s., the escaping 
gas will be less on small firearms. A general rule of thumb would be about 
one and a half times the bullet's velocity. An example would be 
approximately 4,000 f. p.s for a projectile with a 2,700 f. p.s. muzzle velocity. 
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This after shock is not felt as a separate kick, but perceived by the 
shooter as just a jolt. Actually it is several impacts rapidly combined together 
in what has been described as waves. The maximum recoil or wave is 
reached айег the bullet, powder, and gas acceleration ends, which is always 
shortly after the bullet has left the muzzle, 

Earlier in this book there was a brief discussion of a secondary 
muzzle flash which, while not a regular occurrence, sometimes happens. This 
rapid gas expansion will increase the recoil a slight amount, although the 
increased sound and expanding air make it seem much larger than a 
measurement would indicate. 

MUZZLE CLIMB 

All recoil acts in a straight line to the rear of the barrel, but the 
apparent recoil may be different. The muzzle, in most cases, will swing up 
because the line of thrust, acting in line with the bore, is above the center of 
mass of the firearm. Also the bore axis, if extended, passes above the rifle or 
shotgun butt or handgun grip, or in other words, above the resistance point at 
the hand or shoulder, This creates a pivot point at the gun butt for a long-gun 
and the rear of the grip on a handgun. The gun will then swing up from that 
location. And in many cases, particularly when shooting from a standing 
position, the bore axis is also above the shooter's mass center. The shooter 
and gun will both tend to pivot or swing away together. The recoil will be 
perceived differently with a straight stock (usually believed to be lighter in 
recoil-kick) than with a drop stock. 

A simple test may help make this more understandable, Take a rifle 
or shotgun, Make certain the gun is unloaded and keep your finger awa 
from the trigger. Place the butt of the stock against your shoulder and hold 
it in a normal position except for your trigger finger. Have someonc push 
against the muzzle after you have shown him or her that the gun is 
unloaded. Note how the gun riscs and turns to the side as well as moves 
back. The side it turns toward will depend on the shoulder used. Right 
shoulder, right swing, etc, 
TORQUE TWIST 

Some weapons also have a noticeable torque twist. For readers that 
have never experienced it, the gun wants to turn or rotate around the barrel. 
This is experienced mostly with handguns like the 44 magnum that have a 
strong recoil and light weight rifles with high velocity cartridges, The torque 
twist is an opposite reaction to the rifling in the barrel, which is forcing the 
bullet to turn one way as it turns the gun the opposite way. It would be 
proper to say that it was Newton's third law in operation once again. 

The torque twist to a rifle is normally not noticed because both the 
firearm and the shooter absorb it. A short explanation of why it cannot 
nonnally be felt is in order. This is a simple explanation that will not take 
into account such factors as the brief time interval that is involved and the 
delay Caused by the greater mass of the rifle, which absorbs the torque, 
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That last sentence gave away part of the reason, the greater mass 
of the rifle. For example, consider a rifle that weighs 8 $ 165. and a bullet 
that weighis 100) grains. We already know from the math chapter that 
dividing the 100 grains by 7,000 will convert it to pounds, In this case 
0.0143 which is almost 1 / 70 pound. The rifle will then weigh 612 times 
more than the bullet. 

Since we were children and played on a seesaw, we have all had a 
basic understanding of leverage. We know what to expect from using a bar 
over a fulcrum to lift a weight. Also we know that as long as the bar has the 
strength, we can lift almost any weight by using a long enough bar with the 
fulcrum close or closer to the weight 

What does all this leverage business have to do with firearm 
rotation? A 30 caliber bullet will have a radius of about 0.15 inch and the 
leverage will be about $ of the radius or 0.10 inch. We therefore have 1 / 70 
pound multiplied by 0.10 inch. A small amount indeed. We can make an 
educated estimate (okay, a wild guess) that the leverage of the rifle will be 
one inch from the centerline of the bore. The rifle, we figured, weighed 612 
times more than the bullet and has a resistance to rotation 10 times as much. 
Therefore, it will take 6,120 times more effort to turn the rifle compared to 
the bullet. 

AUTO-LOADING FIREARMS & RECOIL 

Autoloading firearms have the same measured recoil, other factors 
being equal, but the kick felt by the shooter is less for some types af actions. 
The spring mechanism that is used to load the next cartridge distributes some 
of the shock that would be felt by the shooters shoulder or hand. 

When checked with a recoil pendulum that measures total 
momentum, autoloading arms give the same readings whether they are used 
as autoloading or set to function as a fixed-breech weapon. This would be 
expected as a result of the law of conservation of energy. 

The Springfield Armory МІА scmi-automatic rifle has an on or off 
valve for the gas system. In other words, the semi-automatic mode can be 
deactivated. Felt recoil is distinctly harder when the valve is off and the gun 
is operated without the gas system. An interesting side note: a chronograph 
will show a 10 to 15 f.p.s. drop in muzzle velocity with the valve off. 

Free recoil energy depends only on the gun's weight. The springs 
absorb energy when compressed and then releases it as they return to their 
original length. The only energy lost is with heat in the spring. 

To avoid confusion, remember that felt kick and recoil are not 
the same thing. 

In the long recoil type of shotgun, the breechblock and barrel recoil 
separately from the remainder of the firearm, That is about 2 7 pounds or 
perhaps 35 times the shot in a trap load. This energy is picked up by these 
parts and will be transferred to the gun and the shooter's shoulder. The early 
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Browning is an example of this system and so are the Remington Model 11 
and the Winchester Model 1911, 

In a blowback action, the breechblock is not locked in place, but 
held closed by spring pressure. When the cartridge is fired, the bullet goes 
forward and the breechblock moves backward. The bullet is lighter and not 
held by spring pressure, so its velocity is much greater. Some machine guns 
use a retarded blowback action where the breechblock is slowed by lugs or à 
toggle. 

In a short recoil and long recoil system, both lock the breech bolt to 
the barrel and the barrel recoils back with the breech. 

In the long system, the movement will usually be several inches. 
The breech bolt and barrel stay locked together to the rear. The used case is 
cjected and as the breech bolt moves back forward toward the barrel, it picks 
up and loads a new shell. It is a good system and used in some Browning 
semi-automatic shotguns, Model 11, and Remington Models 8, 11, and 81. 
Also, it is found in Savage, Breda and Franchi. It should be noted that the 
recoiling barrels weight adds to the felt kick, and experienced shooters can 
distinguish two separate blows. This double kick is from the fired shell, the 
breech bolt, and the barrel hitting the receiver. Friction rings and springs 
control the speed that the parts move back. Proper adjustment is important to 
keep the felt recoil at a minimum. 

For an example of a short recoil system, one factory claimed their 
brand of autoloading shotgun would reduce felt kick by 20%, Winchester 
claimed this for their Model 50 in the 1950's. The barrel is fixed and not 
moveable. The breechblock and chamber move backward ‚090 inch from gas 
pressure. An inertia weight in a tube in the butt-stock carries the movement 
on backward and unlocks the breechblock and chamber after the shot has 
already left the muzzle. In most short recoil systems, the barrel only moves 
about $" to $", The Browning double automatic with its §" short recoil and 
gas operated shotguns like the Remington model 58 have normal kick or felt 
recoil, The Remington takes gas from the fired shell to operate a piston, 
which operates the action. 

There are different types of mechanisms used in semi-automatic 
firearms. The long recoil type of system will make felt recoil worse. Other 
systems will make it feel the same or less as in the Winchester model 50 and 
a few others. Today most guns use a gas system instead of the recoil system, 
KICK REDUCTION 

| While the actual recoil will remain the same, the felt kick can be 
reduced by the type of stock used on both a rifle and a shotgun. Perhaps it is 
not in thé field of ballistics, but many things can help. The stock's shape, 
length of pull, shape of butt, use or lack of a recoil pad, even the shape and 
size of the forearm (forend) and the resultant Brip are important. Also, 
holding the gun properly can make a big difference. 
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With handguns, the options are not as varied. A different grip size 
and shape, muzzle brakes, and the way it is held can help. In some instances, 
the gun can be changed to one of a different design or frame size while 
staying with the same caliber. 

From a ballistic standpoint, many firearms are too big for the job. It 
is true that the proper gun for either self-defense or game hunting should be 
as large as needed and/or as large as the shooter can handle. No one would 
suggest a .22 caliber auto as a serious self-defense weapon. A few .38 autos 
are small enough for concealment and pack a lot more stopping power, 
although they are still marginal. By the same token, a 44 magnum is 100 
much for a lot of people. It is also more than most people need. Whether 
hunting or self-defense, if the gun you are shooting has too much kick, 
perhaps a different gun or caliber would be easier to handle and still do the 
job. (See the terminal ballistic Chapters, 24, 25, and 26. There is enough 
information in this book to make choosing a suitable caliber an intelligent 
decision rather than a wild guess.) 

MUZZLE BRAKES 

The reduction of some of the kick and noise through the addition of 
a muzzle brake has become commonplace, Muzzle blast was discussed a few 
pages back, and reducing it is the rationale behind kick reduction and muzzle 
brakes. Of course, noise reduction can only be carried so far and it collides 
headfirst against the silencer regulations of the National Firearms Act. A 
muzzle break that traps the escaping gas and releases it slowly will be too 
quiet, so the goal is to redirect the direction from front to side. Turning it all 
the way back is difficult and not always practical. 

This reduction is not as effective as some people would desire, but 
reniember that the primary source of recoil is the force used to accelerate the 
projectile down the barrel. This is not influenced by the most effective 
muzzle breaks. 

Measuring the capability of a muzzle break is difficult because the 
kick felt by the shooter is what really counts, not the actual recoil reduction 
in percentage points. For example, the sharpness with which the recoil is 
applied has significance. Every shooter has a different tolerance and reaction 
to kick, so the only practical method of measurement is by kinetic energy. 

The loud report adds to the sensation and increases the impression 
or feeling of kick. This individual reaction is psychological, and along with 
kick, no two shooters will be influenced in the same way. 

In the period between WW 1 and WW 2, machine guns were fitted 
with muzzle breaks that directed the gas so the barrel was held down during 
a sustained burst of fire. The results were not impressive, and the gunners 
complained that they could not see the target because of the smoke that was 
blown up into their line of sight. In about 1940, muzzle breaks on machine 
guns were omitted and the barrel’s tendency to climb was controlled by 
straightening the stock, lowering the cyclic rate, and design changes in the 
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breech mechanism. Recently this trend has been reversed with modem 
muzzle breaks that are more effective. Flash suppressors, sometimes called 
flash hiders, are common оп today's weapons. 

The choice of whether or not lo use a muzzle break is like many 
other decisions in life. Each of us has different needs, and some will require 
it and others will not. Modem muzzle breaks are effective, so if that 300 
Magnum gives you such a fear of recoil that it alters your aim, а muzzle 
break may be just the thing. 

SHOTGUN DOUBLING 

Doubling, that is firing both barrels simultaneously from a double 
barrel shotgun, is not one of life's little pleasures. Yet if the gun is held 
firmly and properly, the shooter should not receive any permanent injury. 
The average double shotgun will weigh about 72 Ibs. and with a 33 - 11 load, 
will have 34.5 ft. Ib. recoil. If both barrels fired together, ihe energy would 
be 118-й. Ibs, Notice that the difference is 4 times, not 2. 

Doubling will double the weights of the powder, shot, and wads 
while the velocities remain the same. But, with both barrels firing at the 
same time, this is the same as saying that the velocity is also doubled. So 
therefore, (0 ascertain recoil energy, the recoil velocity is squared with the 
result being 4 times the recoil energy of a single shot. (Recoil mathematics 
follows in a few pages.) 

A doubling shotgun rarely fires both exactly simultaneously, even 
though it may appear so. There will be a small fraction of a second 
difference. The result is two recoils extremely close together. Truc doubling. 
that is both at precisely the same moment, can happen in a single trigger gun. 
Іп a double trigger it is not as likely, although possible. 

If the second shot takes place as long as (ЮЗ second (three 
thousandths of a second) after the first, the shot charge from the first will 
have left the barrel, Therefore, it would be two successive kicks rather than 
one extra heavy, although, to a shooter who has just felt this double kick, the 
technical points will not case the soreness. Even if a trip to the doctor is not 
needed, doubling will call for a trip to à gunsmith experienced with double 
barrel shotguns. 

Al one time, Francotte, a Belgian gun-maker, made a 10 gauge 
double that had a third sear and could selectively, on purpose, fire both 
barrels simultaneously. (Talk about Sadomasochism, ) 

REVIEW NOTES 

There are 3 main items that influence recoil that can be controlled 
by the shooter, (1) The weight of the gun because the heavier a gun, the less 
recoil, if all other things are equal. A reduction in weight of about 20% will 
increase recoil by a like amount. Other things to consider are (2) the bullet 
weight, as a heavier bullet creates more recoil, and (3) the powder amount 
and type. The tore powder amount and the more powerful the type, the 
more recoil. The velocity is a factor, but it is a product of the others, in a 
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manner of speaking Also, remember the push from the departing gas, 
sometimes called muzzle blast, 

Of course, any change in bullet or powder will also affect the 
performance of the firearm. Ifa lighter bullet is used, the recoil will drop but 
so will the performance. More powder can be used to increase the velocity of 
the light bullet and help the performance, but then the recoil goes back up 
again. They may not balance out exactly, but they will to a large extent. The 
powder used to increase velocity will always increase recoil. Not always a 
like or same amount, as 20% is to 20%, but enough to be important. 
RECOIL INCREASE- BASIC MATH 

Recoil increases as the square of the velocity. If the velocity is 
increased by 15% the recoil is increased by 32%. (115 / 1007 = 1.3225 

Recoil also increases as the square of the bullet's weight. Previously 
the comment was made that if everything else stays equal; a heavier bullet 
will increase recoil because it will require a heavier force to move it forward, 
thence a heavier force to the rear (recoil). With recoil energy squared, it 
increases steeply with an increase in bullet or shot weight But, it decreases 
to only the first power with the gun's weight so a change in the gun's weight 
has much less effect. Or to put it in different terms, the bullet's weight and its 
velocity have a larger influence over recoil than does the gun's weight. 


RECOIL TABLE FOR HANDGUNS 


Bullet Charge Muzzle Gun Recoil Recoil Recoil 

Wot Wet. Vel. wit. impulse Vel, Energy 
Cartridge {grs} (grs-) (fps) (iba) (liwsec) (fps) ХАЛ) 
A2 L R 4ü L.1 00 0.5 0.16 10.4 0.8 
25 Auto 50 И 760 0.5 0.18 11.9 Ll 
32 Auto 71 23 905 1.5 0.33 740 1.1 
380 Auto 88 38 990 1.5 0.45 97 24 
Gmm L. 113 6.0 1155 2.0 0,70 11.2 3.9 
mml. 114 51 1110 2.0 0.70 11.3 4.0 
ЗЕ Spl. 125 5.6 995 15 0.63 14.0 4% 
38 Spl. 125 5.5 995 2.1 0.65 10,0 33 
357 Mag. 125 16.5 1430 2.1 1.10 16,8 97 
.357 Mag. 158 16.0 1235 2-1 1.15 17.6 10.1 
41 Мар 210 21.0 1300 3.0 1.58 17.0 13.5 
44 Mag 240 is 1180 3.0) 1.66 17.8 14.7 
45 Auto 185 74 340 24 0:90 12:1 5.5 
‚45 Аша 230 &.ü #10 24 0.93 12.5 5.8 
45Coh 250 ES ze] 28 LIO 12.7 7.0 


These rifle, shotgun, and handgun recoil tables were compiled and 
written by Mr. William C. Davis, Jr. and originally published in The 
American Rifleman. They are reprinted here with their permission. The 
shotgun table, as it was originally published, contained some inadvertent 
errors. This corrected version was amended by its original author, Mr, 
William С, Davis, Jr. This author is indebted to Mr. Davis for his kindness in 
sending a newly corrected version. 
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RECOLL TABLE FOR RIFLES 


Bullet Charge Muzzle Gun Recoil Recoil Recoil 


WEL wel vel. wet impulse: vel. energy 

Cartridge (grs) — (grs) — (fps — (Ibs) (ibsec) (ips (filbs) 
22 Hornet 45 11.5 2690 7 (0:74 3.4 1.3 
223 Rem. 55 27.0 3240 T 1:27 5.8 37 
22-250 Rem 55 36.0 3680 8 1.54 6.2 EN. 
343 Win. g9 48.0 3330 a 2,04 H 4 
damm Rem. 1 3165.0 3100 Ё 2.19 8.8 97 
250 Savage Тін ЗЕ,0 2820 Š 1.93 78 Ta 
23-6. Rem. 120 50.0 2990 Е 2.48 О 12.4 
ATO Win 130 58.0 2060 8 279 112 153,7 
ДТО Wan. 56.4) ZEB 5 2.89 11.6 16.8 
a TU. Win: 150 36,0 2850 3 2.88 133 19.2 
270 Win. 150 56.0 2850 6 z.89 15.5 27.4 
Tmm-05 140 47. 2900 8 20] 10.5 13:7 
7mm R.Mag 154 T9. 0 3110 8 47 14.0 24.3 
TmmBE. Mag 175 66.0 2590 Bü 3.39 13.7 23.7 
44-30 Win. 170 3210 2200 7 es 10.2 Lia 
308 Win: 125 SO. йй Е 2.58 1ü.4 12.4 
‚ЗОН Win. 150 47.0 2820 Я 2.71 10:9 14.8 
08 Win. ] 80 50.0 2620 8 2.98 12.0 17.9 
20-065 180 56.0 2700 Ж 3.15 12.7 20.0 
300 Win. M 180 T4 0 2580 & 3.68 14.8 272 
MO Why. M. 18 85.0 3245 9 4.10 14.7 30. | 
338 Win. M 225 59.0 Z780 & 3.00 16,1 321 
.375HARH M 300 78.0 2530 9 4.72 16.9 19.8 
45-70 403 39,0 1330 8 2.92 11.8 17.2 
ASEWn M 500 66.0 2040 a 3,70 20.4 5&1 
A0 by. M 500 130.0 2700 10 8.30 167 111.0 


.. ltis interesting to observe that there are three 150-grain 270 Win. 
cartridges with gun weights of 6, 7, and 8 pounds respectively, Notice the 
recoil velocity and energy increase as the weight decreases. 

RECOIL TABLE FOR SHOTGUNS 


Shell Dram Shot Muzzle Gun Recoil Recoil Recoil 
lgth. equiv. charge — vel. wt impulse vel, energy 
(ms) load (ozs.) — (fps) (65) — (Ibsec) (fps) Сӣ ТЬ.) 


20-239 2м TA 1155 7 2.36 10.8 12.8 
20-3 3 ] 1/8 1230 7 3.27 15.1 24.7 
10-2 59 2% | 18 1185 7 3.06 14.1 21.5 
12-274 234 1 1/8 1145 8 3.01 12.1 18.2 
12-24 З | 1/8 1200 E 4.15 12.7 20.0 
12-255. 3% | 1/4 1330 8 4.06 16.3 33.1 
12-3 4 | 3/4 1245 8 525 21.1 55.4 
10-314. 5 13/4 1395 9 5.95 21,3 63.4 
10-315 4и 2 1210 9 5.75 20.6 59.] 
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SHOTGUN RECOIL ENERGY (in foot pounds) 


Gun Weight in pounds 


Gauge Load 5 si 6 6+ 7 11 174 7ł} 3 Bi 9 

.410(24"] Мах 4 aS €.6 5:5 - Slo 48 X5. GS O9 GO Чор 3.5 
.410(3") Max 3 13.0 12.0 11.0 10.0 9.0 9.0  H,5 85 8.0 7.5 7.0 
28 21-1 21.0 15.0 17.0 16.0 15.0 314.5. 14.0 13.0 13.0 12.0 11.5 
20 21-i 18.0. 17.0 16.0 14.5 13.5 13.9. 124.5 12.0 11.5 11:0. 1D.5 
20 21-1 24.0. 22.0 20.0 18.5 17.5 16.5 16.0 15.5 15.0 14.0 13.5 
16 21-1 25.5. 23.5 21.5 2D.0 18.5 18.0 17.5 16.5 16.0 15.0 14.5 
16 3-1} 18.0 234.5 31.5 29.0 27.0 26.0 25.5 24.5 23.5 22.5 21.9 
12 3-1} 34.0 31.0 28:5 26.5 24.5 23.5 22.5 22.0 21.5 20.0 15.0 
12 33-1} 50.0 45.5 42.0 39.0 36.0 34.5 33.0 32.5 31.5 29.5 28.0 


NOTE: We wish to thank The Remington NE Company for this handy chart which has the ballistic 
pendulum figures rounded off to the nearest 2 1 pound. 


MATHEMATICS: 

It is important to note that recoil is not the same mathematical 
figure as muzzle energy. A .38 special revolver will not deliver a recoil push 
or kick on the shooters hand of 278 ft. Ibs. of energy (Winchester +P Super- 
X Lead Hollow Point), A rifle shooter will not.have his shoulder hit with a 
4, 712-ft. lb. blow from firing a 458 Winchester Magnum with a 510-grain 
bullet, although, in the last example, he or she will probably feel like it. 

The foot pound is the unit of measure for the kinetic energy of 
recoil Н is for the most part, a comparative and subjective figure that 
can and will affect different shooters in different ways. 

* Recoil is composed of both energy and velocity. 

As you know from reading earlier sections of this book, the energy 
and the momentum of a moving object are different. The momentum will be 
about the same in both directions; that is forward with the gas and the bullet 
and rearward with the gun. We have said earlier that momentum is the 
product of multiplying mass by velocity, which has a strong influence. If you 
remember the equation for kinetic energy, the velocity is squared. 


Kinetic energy = 1/2 mass * velocity *, 
This brings us to the main equation of recoil: 
MG *¥G=MC *C+ MB * BF 
The next 4 equations will help with understanding the basis for the 
main equation and explain the terms involved. 
* Free recoil is the term used for the energy developed and used in 
recoil for the gun itself. It does not account for the shooter's arm or shoulder 
which has to be considered. Free recoil velocity is only the gun as if it was 
hanging by a string and permitted to swing unrestrained. 
ИС -3217*I]/W 
Where: FG = free velocity of gun in f.p.s. 
[= recoil af firearm in f.p.s. 
W = gun weight in Ibs. 
32.17 = acceleration of gravity in f. p.s. 
* The J in that formula is not easy to obtain, as is the weight. For / we 
can use this formula. 
I—-hw*bvtow*e 
Where: bw = bullet weight in grains 
bv = bullet velocity in fps. 
cw — powder charge weight in grains 
с = powder charge velocity constant 
* The actual energy of free recoil in foot pounds is found from: 
RE=W* VG 764.348 
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* This is considered the most important formula for foretelling how 
much kick to expect from different guns and ammunition. 

EG = W* VG | 64,348 

eg = energy of free recoil in ft. 15, 

The 64.348 is the acceleration of gravity times 2, carried out to 3 
decimal places. 
* This covers 2 of the 3 basic elements of recoil mathematics. 
Remembering Newton's laws and with the momentum of a body the result of 
its velocity multiplied by its mass, (explained in detail elsewhere in this 
book), we have this formula for a 3 rd. It is the basic equation of recoil. 

MG'"VG-MC*C*MHBH*BV. 

Where: MG = Mass of the gun 

MG = velocity of gun (usually the required quantity) 

MC = mass of the powder charge 

C — velocity of the powder charge 
MB = mass of the bullet 
BF = velocity of the bullet 

The МС * C comprises the powder charge and the МВ * BF 
comprises the bullet. The ATG * FG comprises the gun and is also called 
recoil momentum or recoil impulse. The equation for this was given as J. 

The constant C or velocity of the powder charge is simply the 
velocity of the expanding gases as they leave the muzzle. It is also called the 
effective escape velocity. If the velocity of the gun is known by using a recoil 
pendulum, C can be figured easily as it will then become the only missing 
number in the equation. 

For many years, and based on military cannons, a 4,700 f.p.s. figure 
was used for С, Modem tests show the best number to use for C, if it is 
unknown, is 4,000 р.з. for most standard guns using smokeless powder. 
Use 2,000 fp.s. for black powder because of the heavier loads. Black 
powder will not necessarily be lighter with recoil, As with all situations of 
this type, the exact number may be higher or lower, but this is a good 
average figure in the absence of the correct number. 

Testing at Aberdeen Proving Ground provided numbers for C from 
3,710 fps. to 4,115 fips. The U.S. Army Ballistics Research Laboratories 
came up with numbers from 3,880 p.si. to 4,010 psi. These figures are 
based on smokeless powders that are burned up while the bullet is still in the 
bore. If a powder were very slow burning for the bullet weight, it would not 
compule properly ага C of 4,000 p.s.i. This would be rare. 

Win. C. Davis, Jr, who has kindly helped with permission to use 
charts, has pointed out that some formulas are in error by using a constant 
for the velocity of the powder gases. As he says, that approach is flawed 
because it implies that shortening the barrel, which would lower the muzzle 
velocity, would also lower the escape velocity of the gases, which is not true. 
Shortening the barrel will increase, rather than lower, the pressure of the 
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gases at the muzzle. This, then, will increase instead of lower the velocity 
when they leave the bore. 

The weight of the gun is easily measured, The powder charge and 
bullet weight may be known, but if not, they can be measured. Bullet 
velocity can be taken from a chart or measured with à chronograph. Even tlie 
velocity of the gun can be measured with a pendulum as explained elsewhere 
in this book. See, for readers afraid of math, it isn't as hard as it first 
appeared to be. 

Previously it was mentioned that the gun part of the formula, the 
MU * FG, is also called the recoil impulse. A formula was given for finding 
its value, Also, using 4,000 f. p.s. for C with smokeless powder loads. 

* The standard formula for recoil umpulse is 

f= WHB*HBVF-4000 = HC / 225,400 

As with much of ballistics, it is based on Newton's laws. "The 
momentum of a body is equal to the impulse of the force that produced the 
mnomentum." 

* Here is one last formula, included without explanation, for the 
readers who like math. For recoil energy: 

RE-1/2 GH ( bw bv + cw C / 7000) 

Where: RE = recoil energy in fi. Ibs. 
W = weight of the gun in pounds 
C= constant 
G = gravitational constant 32.17 fi. / sec. / sec. 
bw 7 bullet weight in gr 
bv = bullet velocity in f p.s. 
cw * powder charge weight in gr. 
SHOTGUN MATH 
* Vg = (Ws + Ие + LS Wp) Vm / 7000 Hg 
| Eg = Wg * Ve" / 2g 
Where: g = gun 
х = shot in grains 
w — wad in grains 

р powder in grains 

E = energy in foot pounds 

m= muzzle 

F= velocity in f.p.s. 

И = weight 

NOTE: combine as required. We would be the guns weight 
would be velocity at the muzzle (or ийне ЭШИ, Ming visco eid 

Recoil in shotguns, or any other gun for that matter, is not governed 
by bore size but by the weight and velocity of the shot. 

For recoil figures, it is important to remember i 
the wad to the weight of the shot med TOL is cg 
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As the reader may have surmised, not every item that influences the 
felt recoil, or kick, is included in the equations. As mentioned earlier, there 
are differences between fixed breech firearms and autoloaders. Items such as 
recoil pads, shooters grip, stock shape and size, etc, What the shooter feels 
may be different than the equations would have us expect. 

CAUTION 

Some people want to figure their recoil on half of the powder 
charge. They base this on the opinion that before the projectile reaches the 
muzzle, the expanding gas is moving al half the speed of the projectile. Do 
not use only half of the powder charge, as this will give a wrong answer. 
NOTES ON RECOIL & KICK: 

* An ordinary rifle of .30 caliber with normal loads will recoil back 
about .060 inch. (sixty thousands) before the bullet leaves the muzzle. 

* High velocity .22 centerfire cartridges, such as the .22-250, will 
receive about as much recoil from accelerating the powder charge as from 
accelerating the bullet. 

+ The shape of the cartridge case will have no effect on recoil. 
Different size head areas will cause different thrust amounts on the breech 
mechanism from equal pressure. A larger head area will cause more force (or 
thrust) but the recoil will not be different. 

* The lighter guns cause less fatigue during a long hunt where 
walking is involved. They also kick more. What one gives, the other takes 
away. One consolation is that most hunters are under enough excitement at 
the moment of kick that it goes almost unnoticed. 

* A great rifleman, Col. Townsend Whelen, said that most shooters 
could handle up to about 15-ft. Ibs. of recoil without problems. Guns in the 
class of the 45% Winchester, which has а 60-ft. 16. recoil, are not for 
everyone. They also are not for all day target shooting. (Unless the shooter 
enjoys intense pain. In that case, a psychologist or psychiatrist may be 
needed mare than a gunsmith or knowledge af ballistics.) 

* It is not true that a slower burning powder will reduce recoil. The 
few milliseconds difference in burning will not change recoil. 

The following have been stated earlier, but they are important enough to 
repeat with slightly different wording. 

* The gases produced by the powder's disintegration have the same 
weight as the original powder. The gas is expelled from the bore the same as 
the bullet and their weight must be included in any calculations. 

* Recoil is the technical and mathematical amount of rearward 
movement that results from the bullet's forward movement. Kick is the 
amount that is felt. They are not the same. For most purposes, especially in 
casual conversation, the words can be interchanged and no one will know or 
care, Nevertheless, in the science of ballistics it still is necessary to 
understand the difference. 
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CHAPTER 7 


BASIC STEEL PROPERTIES & APPLICATIONS 


In modern firearms, the choice of steel and hardness is crucial to 
safety, dependability, and rust resistance, Modern steel properties and 
application is a complicated science. Many engineers have degrees in this 
specialized area known as metallurgy. No study of interior ballistics is 
complete without a basic knowledge of steel and heat-treating, 

Early gun makers had nothing but crude iron to use in their guns. 
Also, they did not have an acceptable method to drill the long hole through 
the solid iron. They used a long round iron bar called a mandrel and wrapped 
metal strips, heated to color in a forge, around the mandrel. Pounding with à 
hammer not only created by force the proper shape and appearance; it also 
flowed the adjacent strips together. This is called hammer welding and is 
still used today in rare instances. This method of making rifle barrels was 
still in use as late as the 1850's by companies as big as Springfield Armory. 
By then, the hammering was done by machine power. 

Damascus barrels were made into the early part of the 20th 
Century of twisted steel or steel and iron twisted together in combination. 
These were used mostly on shotguns and the fa ncy patterns left from 
forming them were also faked onto solid steel barrels. Today, a Damascus 
barrel is unsafe for modem cartridges, but a simple test is available. To avoid 
damaging its appearance and value, locate a part of the steel that is not 
normally seen, such as under the forearm. Place just one drop of 
hydrochloric acid on the steel and observe the reaction. A solid steel barrel, 
even with a Damascus pattern, will be tumed a uniform gray color while the 
pattern will still be visible on a genuine Damascus barrel. Just as soon as the 
outcome is disclosed, clean away the acid, then wash, dry, and oil the entire 
barrel. 

It is important to remember that these firearms were all made for 
black powder. There seldom was a breech pressure over 25,000 psi, and 
bullets were soft lead. 

Around the turn of the century, along with more powerful 
smokeless powder and jacketed-bullets, came better steel. Some was called 
nickel steel because nickel was added for strength, A bigger advance was 
ordnance steel which contained .45 to 55% carbon, 1.0 (0 1.3% manganese, 
05% phosphorous (maximum), 05% sulfur (Maximum) and .25% silicon, 
Note the decimal point positions, These are small amounts but similar to 
some steels in use today, 
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MODERN STEEL CLASSIFICATIONS 

Before we discuss modern steel: a brief background. By cooperative 
effort of the Society of Automotive Engineers (S.A.E.) and the American 
National Standards Institute (A.N.S.L), a numerical system is used to 
classify both tool and standard steels. Tool steel is used to make the dies, 
jigs, fixtures, and cutting tools used in the manufacture of guns and gun parts 
and accessories. Heat-irealing readily hardens it. Standard steel is not as 
easily hardened, except on the outer surface, and is used for many other 
things. It has a classification system based on a 4 or 5 digit number. 

The first figure indicates the class of steel, such as nickel or carbon. 
The second figure indicates whether an alloy is present and the approximate 
percentage of the predominant alloying element. The last two figures 
indicate the average carbon-content in hundreds of 1%. Any steel with the 
last two figures below 30 is considered low carbon. The higher carbon 
grades are less ductile and harder to form and weld than the lower-carbon 
steels, but they also have improved strength. 

We occasionally see steel numbers that are prefixed with WD. This 
stands for War Department and was used by the military to allow tighter 
control over the specifications of steel used in military weapons. 

Alloy steels contain added elements for the purposes of modifying 
their behavior during heat-treatment to result in improved mechanical and 
physical properties. 

The addition of nickel increases hardness and tensile strength. It is 
used in railroad rails, armor plate and ammunition, among other things. 
Vanadium adds the ability to resist repeated stress through an increased 
elastic limit Tungstem adds air-hardening qualities to steel and is regularly 
used im conjunction with nickel or chromium or both. Manganese adds 
toughness in proper quantity. In a small amount (1.5 to 5.5%), the steel is 
very brittle and can be broken with a hammer, Additions up to 12 per cent 
make the steel ductile and hard Molybdenum is commonly used in 
conjunction with other alloys to improve high temperature service, wear 
resislance, and improve hardening qualities, Chromium improves 
toughness, stiffness, and hardness. The percentage utilized varies over a 
wide range from low to high chromium steel. Chromium also helps in 
resistance to acids, heat, and nitriding. (ron nitride.) The addition of sulfur, 
lead, or selenium improves the ability to machine or cut the steel in the 
manufacturing process. These additions that help the machining 
characteristics also weaken the grain structure. Some of the advantage gained 
in one area is lost in another. 

The most common steel used in modern firearms is called chrome- 
moly. Properly designated as 4140 by 5.A.E. grade, it is considered ultra 
high strength stecl that, if properly oil quenched and tempered, will have a 
tensile strength of up to 180,000 p.s.i. Just plain cold drawn and annealed, its 
tensile strength is 98,000 p.s.i. The last two figures of the S.A.E. no. (40) 
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indicate а carbon content between 38 and 43%. It also contains chromium 
(0.80-1, 10), manganese (0.75-1.00), molybdenum (0.15-0.25), phosphorus 
(040), sulfur (.040), silicon (0.20-0.35) and no nickel. 

4140 steel is used by some manufacturers for barrels, actions, 
revolver, and pistol frames, etc. It is excellent steel, tough, strong, and easy 
to machine and beat-treat. 


HEAT- TREATMENT 


HARDENING 

Hardening by heat-treatment is an old skill that is now highly 
refined. There are two basic steps to the process. The first involves heating 
ihe steel at least 100" Е. above its transformation temperature, the preferred 
term, but sometimes called critical point. If the steel is not heated to this 
temperature so that austenite forms, no hardening action can take place. 

The transition temperature is the point at which two solid phases 
exist in equilibrium. This temperature must be reached to the center of the 
metal piece without the outer surface being overheated, This takes care and 
time. The austenite is a solid salution of one or more elements and unless 
otherwise designated, the solute is generally assumed to be carbon. (Another 
would be nickel austenite.) 

The second step involves rapid cooling (quenching) of the steel at a 
rate faster than the critical rate to produce a martensitic (very hard and 
brittle) structure. The hardness will depend heavily on the carbon content, 

The heating can be as simple as a torch or forge or as sophisticated 
a5 a temperature and atmosphere-controlling furnace. The quenching is 
determined by the type of steel and can be in oil, water, air, or brine. The 
heating temperature will vary by carbon content from 1,310" Е, to 1,550" F. 
and in salt baths up to 2.400" Е. 

TEMPERING 

i To this we can add tempering (drawing) which is a process of 
reheating quench-hardened or normalized steel to a specific temperature that 
is lower than for hardening, holding it for a "soak", and then cooling it at a 
controlled rate. This also can involve oil and salt baths. The purpose of 
tempering is to reduce brittleness and remove internal stress. 
STRESS RELIEVING 

\ Stress relieving is similar to tempering and the two are frequently 
done in one operation. It is actually a separate process requiring different 
temperatures and conditions. Sometimes it is required when hardening and 
cold-work stresses are induced from welding or from machine work. 

After WW. 1, aufofrettage has been occasionally used for 
prestressing barrels. In this process, a high hydraulic pressure is used to 
permanently enlarge the bore about 6% and the outside about 1% The 
elastic strength can be almost doubled by the joint effect of the residual 
compressive stress near the bore and the higher clastic limit. 
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CASE HARDENING 

Case hardening is where just the outer surface of low carbon (.30 
per cent or less) steel is hardened. The surface is impregnated with carbon 
through cyaniding or nitriding or another of the seven common methods of 
case hardening. This involves high temperature followed by quenching and 
controlled cooling. 

SOFTENING 

A heating and cooling process called annealing can soften hardened 
тес]. 
NORMALIZING 

Forged pieces have a coarse grain structure and normalizing refines 
the grain. It is done at a temperature usually about 100" F. higher than the 
regular hardening process. Cooling 15 done in still air at room temperature. 
Hardness is not desired because it is done before machining. 

HEAT TREATING IN GENERAL 

This has been an oversimplification. Heat-treatment of metals is a 
very exacting process and no reader is expected to attempt it from this brief 
section. The purpose was for familiarization. For proper results, a company 
that specializes in heat-treatment for industry should do most heat-treatment. 
If the result is important, as it is for gun parts, have them do a Rockwell or 
Brinell test after they have finished. There are 10 other methods of 
measuring hardness, but those two are the most common. 

Whichever method is used, it will have a number that is based on 
resistance to indentation under the conditions imposed by the particular test. 
This number is meaningless unless it can be given significance by 
comparison to the hardness of familiar objects. Cutting tools, such as taps, 
require a hardness of about 63 on the Rockwell C scale. Below 61 and they 
will be too soft and wear excessively and over 65 they will be hard and chip. 
Brass can be from 40 to 95 Rockwell, but it is measured on a different scale: 
the B scale. As you can see, it is not an easy subject. Anyone having heat- 
treatment done should do some research to determine the proper hardness for 
the job at hand. 

Hardness affects tensile strength. If the 4140 steel that was 
discussed earlier is 20 on the Rockwell C scale, it will have a tensile strength 
of 110,000 p.s.i. At 38 Rockwell C its tensile strength will be 180,00 p.s.i. 
The controlling factors are the temperature of the draw and quench. 4140 is 
considered medium in hardening ability and is frequently used "as is" at 
about Rockwell C-10. 

Modern barrels are made of steels other than 4140, 4135 steel heat- 
treated to about 275 Bhn has been used with success. For a slight cost 
savings, cold drawn stress-relieved 1137 steel, with a minimum yield 
strength of 90,000 p.si. can be substituted. 1137 has less distortion than 
4140 in hardening, but falls short in other arcas. 
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The correct hardness for a barrel made with one steel prade may be 
too hard or soft for another grade, The early Springfield ,30-'06 rifles with 
low serial numbers (below 1,257,762 or by Rock Island Arsenal below 
285,507) generally had barrels that were too hard and brittle. They were 
usually above Rockwell C-50 at C-54 or C-55. They used low-grade steel 
that would be safer at C-30 to C-40. The barrels at C-40 had a tensile 
strength of 145,000 p.s.i. and were safe at 100,000 p.si. Above C-50 they 
were too brittle, They were perhaps excellent for wear resistance but had a 
danger of blowup. Nickel steel Springfield barrels in the later models are 
safe and correct at C-45 to C-55 

A hardness test on a firearm is normally useless. No, that is not 
an error. It is à waste of time and money. We discussed hardness testing and 
we discussed a few of the thousand grades of steel. A hardness number is 
worthless without knowing the exact steel used. Not a general idea but exact. 
Is it 4140 or 3140? Is it 1020 or 23307 For the hardness number to have 
meaning as far as firearm use and safety, the part would have to be destroyed 
by metallurgical testing to determine tensile strength, alloy, purity, etc. A 
Rockwell C reading of 45 can be good or bad depending on the steel. It does 
not tell strength, only hardness. The cheapest scrap siecl can be heat- 
treated or case hardened to give a Rockwell C reading anywhere on the scale 
between 20 and 80. It only has value when the steel designation is known. 

Proof testing is the only way to know if an action is safe. Fasten 
the gun securely and fire it with a string. If the action is damaged, at least 
your body will be safe. An old lire is a common way of holding a long gun 
with the butt end inside the casing while the barrel or stock extending over 
the other side is tied in place. Don't forget to check where the bullet or shot 
will go and provide a safe backstop. 

The hardness of a barrel's steel is a factor and like the composition, 
it i5 a trade-off. The harder steel has better heat resisting properties and more 
strength. On the other hand, it is more difficult and expensive to machine 
and as such, costs extra. As expected, a balance in the middle is obtained in 
the better guns while the cheap guns ordinarily use the softer steel with 
fewer alloys added. 

A high percentage of gunsmiths do their own heat-treatment, and 
some are very good at it, Nevertheless, it cannot be recommended Improper 
heat-treatment can result in quench cracking, uneven hardness, brittleness, 
distortion, and other serious problems. 

Silver solder is a common method of adding sights, scope rings, etc. 
Modem silver solder will fuse at about 450" F. and some older silver solder 
requires around 650^ F. Silver soldering on a firearm requires both 
knowledge and patience to avaid damage. | 
BREAKS AND CRYSTALLIZATION 

All metal in a solid state is crystalline by nature, so il is not correct 
lo say that a piece of metal has broken because it crystallized. 


Breaks occur al flaws in the metal. It may be microscopic and 
unseen withoul instruments, but there will always be some type of weakness. 
Cracks occur at weak intergranular faces and grain boundaries and can be 
from various sources, such as creep, intergranular corrosion, severe shock, 
changes in temperature, and stress fatigue. 

Of course, we are not speaking here of breaks from subjecting an 
action to three times the pressure it was designed for, but in that case, it will 
still rupture at the weakest point. 

CHROMIUM PLATING 

The hord chromium used in bores is slightly different in its 
application than decorative chromium as applied to the outside for 
appearance and rust resistance, Decorative chrome is usually applied over a 
thinly added layer of copper or nickel. 

A chrome-plated bore can have good wear and corrosion resistance 
if done properly, but most have a thickness of only about .0005" to 00075," 
That is five to seven and a half ten thousands of an inch, which is not much. 
It is sometimes as thin as .0002", Military plating is usually better at 001" to 
.002 in thickness. It is casy to understand why, even though it is extremely 
hard, it frequently does not hold up well. 

Chrome plated barrels are not usually made to as close a tolerance 
as a standard barrel Plating requires the use of an electrochemical bath, 
which removes some of the steel. Sametimes called Electro-polishing, it is 
needed for proper adhesion of the chromium plating (instead of the copper or 
nickel), then the thin chrome is added. Even under the best of conditions, 
exiremely close tolerances cannot be held. Chromium plated bores are 
excellent for hunting, military and police use; anyplace where rust can be a 
problem. It is also very good al preventing metal fouling in barrels used for 
rapid-fire, For high accuracy in target work, it is not usually recommended. 

Also, chrome plating will not increase velocity, as is sometimes 
believed, It is certainly no "slicker" than a good quality lapped barrel. 
Another misconception is that plating a bore will fill in and smooth out 
rough places. The plating follows the existing finish and all marks are still 
there only they are then in the plating. That is why the outside or visible 
parts of anything plated has to be polished so perfectly beforehand. 

The plating wears away first near the chamber and then 
progressively on down the bore with the original thickness controlling how 
long it lasts. 

Frequently, fouling does not stick as well to chrome as steel and it 
helps to control rust. The American Rifleman, à publication af the National 
Rifle Association, conducted tests with a .357 5 & W Magnum. The barrel 
leaded about the same after chrome was added as before, although, it was 
reported to be a little easier to remove the fouling from the chrome. It can be 
considered very good for rust prevention but only fair for other objectives. 
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STAINLESS STEEL 

Stainless steel is very popular for firearms despite the extra cost. 
Stainless steel was originally a trade name used for cutlery steel and patented 
in 1916. It was not legally maintained as a trademark and now the term 15 
generally used for all steels that resist rust, corrosion, acids, and high 
temperature scaling. 

There are about 50 dilTerent compositions of stainless steel, cach 
with its own unique properties of machineability, hardening, heat resistance, 
strength, stress resistance, etc. Some can be hardened and others cannot. As 
with many other things, the choice is always a compromise. For example, the 
best corrosion resistant steels have less strength and toughness. 

Generally, to get the tensile strength required in firearms, the steel 
used will, under some conditions, rust and corrode. Stainless is also excellent 
at reducing barrel wear and fouling. The grade of steel used in manufacture 
and how it is machined and processed is the deciding factor. 

The tensile strength of stainless steel is lower than properly 
processed ALSI 4140. For example, stainless A.LS.L type 410 is 65,000 
psi. 

These steels always have chromium added, as litle as 4% (A LSL 
501) or as high as 27% {A LSI, 446). Chromium percents below 10 are not 
technically considered stainless steels, but by common usage are called that. 
The common stainless steels contain from 11.5% to 27.0% and the iron 
content will be at least 50%, Alloying additions may include nickel, 
molybdenum, columbium, titanium, manganese, sulfur, and selenium. 
STELLITE 

Stellite is used as a liner in barrels that are expected to receive 
extremely hard use. The lining is usually only at the throat or chamber 
shoulder and extended for 2" to 8". A close visual inspection will show a gap 
or a faint ring. The most common use of stellite in firearms is with machine 
gun barrels to reduce heat and increase wear resistance, The material is so 
hard that it is used to make cutting tools for machining metal and for valves 
in aircraft and high-r.p.m. automobile engines. Stellite has high impact and 
cantilever strength and heating and cooling can be repeated indefinitely 
without any loss in hardness. It is resistant to corrosion and oxidation and 
has good tensile strength. There are several grades with each composed of 
varying proportions of coball, chromium, and tungsten. As you would 
expect, it Is expensive to purchase and use. 

TITANIUM 

Titanium parts are costly to make, but they can hold tremendous 
pressure at half the weight of steel. With excellent corrosion resistance 
(almost 100%) and other long-term advantages, titanium will probably be 
used more in the future: probably as parts or components rather than ав a 
complete weapon or as an alloy such as titanium/graphite. Pure titanium has 
a melting point of 3,097" Е, and a modulus of elasticity of 16,500,000 p.s.i. 


86 


(No, that's not a mistake. It is in millions.) Even as an alloy, titanium has 
excellent qualities. By the way, modulus of elasticity is defined as the ratio 
of increase of unit deformation to the increase of unit stress within the elastic 
limit and is given in psi. lt can be measured in tension, compression and 
shear. Don't let the nerdy technical words throw you. Modulus means a 
positive number expressing the measure of the function, which is elasticity 
(flexibility, resilience) in this case. The rest is the ability of the material to 
retum to its original dimensions after the removal of stress. 

PLASTIC 

Plastics, composites, polymers; they are already on the scene in à 
big way; not for entire guns, but for component paris. They can be 
engineered and molded to be strong but lightweight and corrosion proof, 
They are cheap to manufacture and have but one major flaw. They cannot 
handle high temperature, at least not at the time this is written. No doubt, the 
future will change the situation, 

The Glock handgun was the first gun with a polymer frame to be 
widely accepted, (Although not without a huge fuss over whether it could be 
detected by airport security. - It could.) Other manufacturers are now 
following Glock's lead. 

THE FUTURE? 

Those who prefer a firearm made with fine wood stocks or grips, a 
deep lustrous blue finish on steel, and holsters and slings made of tanned 
leather, will have to make some adjustments for the future, The next century 
of firearms will be like nothing in the past. The guns of the future will be 
short on nostalgia but long on practical and worthwhile features. Right? 
EROSION & CORROSION 

This may be a good place to mention that many people use the 
terms erosion and corrosion interchangeably. In most cases, the choice of 
words would make no difference, but they do mean completely different 
things: both affecting gun parts and bores in different ways. 

Corrosion damages by chemical reaction, Moisture and chemicals 
produced by primers, powders, and saline agents are the main culprits. Rust 
is the most common result. Modem ammunition reduces the problem, 
compared to earlier powders and primers, which caused corrosion because of 
their chemical composition. 

Erosion is a gradual wearing caused by the friction of the bullet. 
Also, the heavy wear just forward of the chamber caused by the cutting 
action of the high pressure and high temperature gases. 

Both damage the gun, but in different ways. 

REFERENCE 

For this section, refer to the bibles of the metal industry, Machinery 
Handbook from Industrial Press, Inc. and Too! Engineers Handbook from 
McGraw Hill Book Co. Inc, and also Metals Handbook, Volumes I and П 
by the American Society of Metals. 
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CHAPTER 8 
GYROSCOPIC STABILITY 


There is a strong relationship between the information in the 
chapters on gyroscopic stability, spindrift, and rifling. Each chapter depends 
on facts given in the other two and they are all dependent on each other. To 
properly understand any of the three subjects, all three chapters should be 
read. 


It is impossible to properly grasp external ballistics without 
knowledge of gyroscopic action and yet there is a lot of confusion about the 
subject. It is tricky and difficult to comprehend. Perhaps it is comparable to 
religion because some of it has to be taken on faith. There is scientific proof, 
but unless someone is in the laboratory of a university physics department, it 
is difficult to demonstrate. If Chapters 8 & 9 do not leave the reader with a 
crystal clear picture, perhaps there will be a basic understanding of the 
overall subject. 

There are a few areas of gyroscopic action that are strange and 
confusing. Precession is one. But it is all fact; neither fiction nor wild theory. 
Thus section will go into many explanations and examples. The idea is not to 
bore you silly, although that may happen, but to try to build a solid 
background and understanding. If at апу point it becomes too confusing, 
keep reading. There are many explanations and examples to provide 
help. 

Gyroscopes appear to go against all the physical laws we have 
learned. A child's toy will stand up straight on just a single point. A 
Byroscopic instrument in aircraft, the attitude indicator (formally called 
artificial horizon), always remains in the same position to the earth, no 
matter how the aircraft is positioned. (Although earlier and cheaper 
instruments would tumble during extreme angle maneuvers.) Also in aircraft, 
there is the heading indicator, which is freely mounted and utilizes the 
gyroscopic property of rigidity in space and the tum-and-bank indicator. 
which utilizes the gyroscopic property of precession. 

Ships use the same principal in gyrocompasses. They remain level 
and working correctly even when tlie vessel rolls and pitches in rough seas, 

Any spinning object will have gyroscopic properties. This includes 
engine flywheels, fan blades, bullets, and shotgun slugs from rifled bores. 
Technically though, only a special wheel designed and mounted to utilize the 
properties is called a gyroscope. 

The two primary qualities of Eyroscopic action are rigidity in space 
and precession. There are several secondary actions and nutalian is the most 
important in ballistics. 


A gyroscopic instrument, as used in aircraft, has a spinning rotor, 
which is universally mounted, That means it is mounted so that it is free to 
move on its axis lo any position in space. It is said to have 3 planes of 
freedom and is free to rotate and turn into amy position inside the case 
because of gimbals. Gimbals are devices consisting of a pair of rings pivoted 
on axes so they can swing one within the other. A ships compass is thus 
mounted so it will stay level as the ship tilts and rolls. Besides the common 
circular rings, gimbals may be rectangular frames or in flight instruments, 
parts of the instrument case itself. 

Rigidity in space means that when it is spinning on its axis, it will 
remain in its original position regardless of how the case (attached to the 
aircraft in this example) is moved in relationship to the ground. This 
gyroscopic inertia is useful to the bullet's flight path because of the 
stabilizing effect. 

A rotor free to spin about its axis is the basic gyroscope. Newton's 
first law of motion was discussed in an earlier section, but briefly it states 
that each body continues in its state of uniform motion (or rest) until acted 
upon by external forces. Therefore, in its simplest form, a spinning rotor will 
maintain its plane or rotation perpendicular to its axis, unless an external 
force is applied. For even simpler wording, this just says that it will stay in 
place if it 15 left alone. 

Newton's second law states that the deflection of a moving body is 
proportional to the deflective force applied and is inversely proportional to 
its weight and speed. 

A rotating body has angular momentum (energy of rotational 
motion, torque, and moment). From a technical point, these terms are not 
100%. synonymous, but the reader needs to understand the basic power, to 
use still a different term, that exists im a rotating object. This angular 
momentum results from velocity, mass, and distance from the rotational axis. 

If we forget gyroscopes and bullets for a brief time, we could 
compare it to a wheel spinning free on an axle. If we want to stop or brake 
this free spinning wheel it is obvious that the more velocity, that is the faster 
it is spinning, the harder it will be to stop it. Also, the heavier the wheel the 
more braking effort needed. Distance from the axle will be important 
because if the weight is close to the axle, it will cause very little torque on 
the axle while the same weight swinging around at a distance will apply 
greater force and be harder to stop. Velocity, mass, and distance from the 
axle (shaft, axis): all three determine the energy whether it 15 а spinning 
flywheel or a bullet spun by the rifling. 

The most angular momentum is when the weight is farthest from 
the rim, Łe., the farther from the axis, the greater gyroscopic rigidity. A rotor 
that is cylindrical, as is a bullet, will have a good angular momentum for its 
weight if it is fat. With the same spin, the angular momentum would be less 
if it were long and thin. 
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To put it in other terms, the amount of gyroscopic effect depends on 
the mass of the spinning object, how far the mass is from the center of 
rotation, and its speed of rotation, All together it is the angular momentum or 
flywheel action which has both a direction and a magnitude (measurable size 
or quantity). 

Here are a few basic rules for all objects with gyroscopic stability, 
including bullets/projectiles: 

1. Weight: For a given size, a heavier mass 15 more resistant to 
disturbing forces than a light mass. 

2, Angular Velocity: The higher the rotational speed, the greater 
the rigidity, gyroscopic inertia, or resistance to deflection. 

3. Radius: The radius at which the weight is concentrated is 
important, Maximum effect is obtained from a mass when its principal 
weight is concentrated near the rim and rotating at high speed. 

* For the mathematically inclined reader, torque is simply force times 
distance or ME^ / T^, where L is length, T is time and Af is mass. 

Energy in rotational motion, in cases of constant torque, is torque 
times angular displacement, measured in radians. Power in rotational motion 
is equal to torque times angular velocity, (radians / seconds). If we have 
rotational velocity in revolutions per minute, this must be changed to radians 
per second by multiplying by 2 x. (2 п N = radians/seconds, where Mis in 
revolutions per séc., not per minute.) 

* To find the rim speed of a rotational round object, multiply the 
diameter by л and that answer by the number of revolutions per minute. That 
is, rim speed = x D (r.p.m.) 
+ The kinetic energy of a wheel, because of its angular velocity, is 
equal to 1/2 (E e 2) where / is the moment of inertia and œ is the angular 
velocity measured in radians per second. 
PRECESSION 

Precession can be very confusing, so let's go through it from 
several different viewpoints and with several examples Put simply, 
precession is the result of a force being applied to the outer edge of a 
spinning object and the following deflection. That рап is easy, and more so 
as we word it in other ways. Now we shall throw in the part that drives 
grown men to do irrational and illogical things. When the force is applied, 
the resulting action takes place in the direction of rotation and 90° away. 
The force causes a pitch or yaw or both, depending on the exact location of 
the application of force. The exact effect of a pitch up or down or left or right 
depends on the direction of rotation and the location of the force. But the 
result will always be found 90° from the point of pressure (force) and in the 
direction of rotation. 

Do not feel bad if you are a little bewildered, Following is more 
help. For example, consider the child's toy, a spinning top. When the top is 
spinning steady, it has gyroscopic stability and will stand up. lf a gentle 
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force is applied to the shaft to tilt it to the side, it reacts by first moving the 
shaft perpendicular to the force (90°) and then doing a spiral motion, which 
is the precession. The top will then return to its normal upright position. 

If the force that was originally applied to the shaft persisted until 
the top fell over, it would not fall in the direction the force was applied but 
almost perpendicular to the direction of pressure, and again 90^. 

In technical wording, the movement of the object with gyroscopic 
properties is not a direct one but a resultant movement. The axis is not 
displaced in the direction of the force applied but at a right angle and in à 
manner that causes the direction of the movement or pitch to assume the 
direction of the torque resulting from the applied force. 

Study the drawings. As applied, the force is resisted by the inertia 
and prevents it from being displaced as expected. However, with the object 
spinning clockwise, the precession takes place 90" ahead in the direction 
of rotation. The rate of movement is proportional to the force applied. 

For those still confused by this gobbledegook (another technical 
term), we will go through it more with a different sketch and more examples. 
It is important to the knowledge of a bullet's flight path and should be 
understood. 

The sketch on page 92 shows a gyroscope mounted where it has 3 
planes of freedom. The axes are marked with X as the rotor spin axis, and Y 
as the axis of the inner gimbals, and Z the axis of the outer gimbals. 

For example, when a force is applied upward on the inner gimbal, 
it is as if the same force were applied to the rim of the rotor at F. This is 
opposed by the resistance of the gyroscopic inertia, preventing the rotor from 
being displaced about the axis Y-Y. However, with the rotor spinning 
clockwise, the precession takes place 90° ahead in the direction of rotation at 
P. The rotor turns about axis Z-Z in the direction of the arrow at Р. The rate 
at which the wheel precesses is proportional to the deflective force applied. 
(Minus the friction in the gimbal ring, pivots and bearings.) If too great a 
deflective force is applied for the amount of ngidity in the wheel, the wheel 
precesses and topples over at the same time. 

If you are still confused, don't give up. Go back and read the last 
paragraph again as you trace the sketch with your finger. 

The rate of precession is proportional to the deflective force applied 
and if too great a deflective force is applied for the amount of rigidity, the 
object precesses and topples over at the same time. 

One obstacle is that a lot of intelligent and educated people, if their 
background is not in physics or engineering, have a problem with accepting 
it as a fact, even with all this gruesome detail. 

NOTE: While there is a theoretical difference between the terms 
center of mass and center of gravity, so long as the acceleration due to 
gravity is assumed to be constant over the mass distribution, then the center 
of gravity coincides with the center of mass. 
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FORCE «p» É. 


(pressu re) iy" 


Please read and follow the explanation in the text on page 91, 


Force applied to a gyroscopic rotor mounted in gimbals and 
the direction of precession and the precessional movement. 


———— 
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One more quick example: 

Gyroscopic precession is well known to aircraft pilots. Here is a 
bref quote from the Federal Aviation Administration Flight Training 
Handbook, AC 61-214, page 33. "The second factor that causes the tendency 
of an airplane to yaw to the left is the gyroscopic properties of the propeller." 
(Here we will leave out their explanation of gyroscopic precession as 
repetitive.) "That force will be particularly noticeable during takeoff in a tàil- 
wheel type airplane if the tail is rapidly raised from à three-point to a level 
flight attitude. The abrupt change of attitude tilts the horizontal axis of the 
propeller, and the resulting precession produces a forward force on the right 
side (90^ ahead in the direction of rotation), yawing the airplane's nose to the 
left, The amount of force created by this precession is directly related to the 
rate al which the propeller axis is tilted when the tail 1s raised." 

Figure | shows a disk or wheel that is spinning rapidly about its 
axis A-F. The end of the axle А is constrained so that its only movement is in 
the slot between the two smooth fixed guides. If a force F is applied and the 
wheel is rotating, the force F will bring into effect a lateral pressure P 
against one of the guides. Which guide is pressed against depends on the 
direction of rotation. If the force F is regarded as caused by pressure of the 
flat board against the side of the spinning axle, the axle will try to move in 
the same direction it would if the board was rough. With rotation as in the 
figure, the axle end А is pressed toward the upper guide if the axle is pressed 
іп F direction. If the guide were not present, it would move up as P. The 
magnitude of force P is proportional to the rotational velocity. 

A bullet that is spinning has gyroscopic properties and precession is 
one of them. A force on some part of the ogive causes a bullet's deflection 
from branches. It will push on the bullet and precession will result. The 
direction will depend on where the force was applied. The amount of 
deflection will depend directly on the amount of force and inversely on the 
angular momentum of the bullet. The rules of gyrostatics will give an edge to 
a short fat bullet over a long thin bullet if the weight and the spin stability are 
equal. The short fat bullet will precess less and slower, (Brush deflection is 
subject with a lot of problems. It is covered in Chapter 10.) 

Thus, forces placed at the center of gravity will not affect an object 
with gyroscopic stability, but forces applied forward of it will tilt the axis. 
The same effect is noticed in spin deflection, which will be discussed later. 
NUTATION 

Mutation is, by one definition, the act of nodding the head. For our 
discussion of gyroscopic stability, it is defined as the periodic inequalities in 
the motion of the axis and pole of a revolving object, Le. a nodding of the 
spinning object, so to speak. 

Something with gyroscopic action does not instantly go from zero 
r.p.m. to just the correct rotation speed and stability, There will be an initial 
axis wobble that is mutation, and under proper conditions, it will smooth out 
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Yaw angle Hole in paper 


No yaw bullet hole =— Ф, 


FIGURE 2 


very quickly. It is not to be confused with the wobble of a bullet with 
decaying stability down range. That is different and it will be discussed later. 

Mutation in projectiles is in the form of tiny loops, which pass 
almost through zero yaw. (Yaw will be explained later.) In a gyroscope such 
as à top or a model for classroom study, the end of the axis may trace loops 
or waves or under some tight circumstances, even cusps. (Points) 

The nutation would continue unending except for friction on a fixed 
gyroscope. On a bullet there are other forces such as aerodynamic drag that 
dampen it. (Study figure 3.) 

The swinging point from nutation guides the bullet in a helical path 
like a spiral on the outer part of a screw thread. The sides are flattened at 
places as the yaw returns to zero. The radius of the helical path is normally а 
small fraction of an inch. That is worth repeating, they are a small fraction of 
an inch from nutation. 

These nutants will dampen and disappear. 

There are several methods of proving this is fact rather than theory. 
Of course, gyroscopes have been studied in laboratories since at least the 
early 1800's. Bullet's flight paths have been examined extensively. One of 
the more modem methods is by special photographs and spark shadow- 
graphs, which show the attitude of the bullets as well as its place in space 
and time, This is limited to only the best laboratories. 

The older method of shooting through cards or papers spaced apart 
provides helpful information. There is an advantage to the use of a special 
material such as photographic paper with the gelatin side toward the shooter. 
It will be cut with a clean, sharp hole that clearly shows the result even with 
low velocity projectiles. This is mounted in holders at a measured foot or 
two apart for perhaps 10 to 50 yards. The yaw can be increased on purpose 
to make it more visible by cutting away one side of the barrel at the muzzle. 
Another method is to use a barrel with a rifling twist that is too slow. In bath 
cases, the condition is exaggerated. 

Measuring the longest distance across the punched hole can easily 
check the amount of yaw. The paper will tend to close in the hole slightly, 
but it will still give a good account. The amount of closure can be measured 
by checking the perpendicular and including it in the calculations. (See 

figure 2 for more information.) 

Even a bullet that will quickly stabilize may leave the muzzle at a 
yaw as much as 5". 

Testing of .30 caliber match ammunition showed 4 nutations and 
.68 of a precession in the first 48 feet from the muzzle. That is typical. There 
are usually several nutations for each precession. The nutations are usually in 
the form of loops that pass through zero yaw, As we said earlier, this 
produces the path of a helix with flat spots. 

It is sometimes said that rifle bullets gyrate around a large (7) circle 
after leaving the muzzle and then gradually stop spiraling and settle down to 
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normal flight. For all practical purpose, this is false, There will be a spiral 
(helix is the correct word) that is very small, but it is small enough to 
frequently avoid detection. Partly because the precession that would cause 
the helix is modified by the nutations. It could be said that, at least initially, 
the bullet's path is a tiny helix around the trajectory. 

The nutations will dic out quickly but the precession and yaw may 
continue for a longer time. They are, as explained, different actions, 
somewhat similar but still dissimilar, 

YAW 

There will be a slight yaw and unbalance while the bullet is still in 
the bore. The confinement is relieved at the muzzle and the bullet departs in 
a slight yaw. This may be as small as a degree or two in a good barrel with 
the correct twist for the cartridge. Even a bullet that will become stable can 
have an initial yaw of up to 5 degrees. Yet a beginning yaw of as little as а 
degree or two can have a substantial influence. The yaw may be extremely 
high with the use of poor and mis-matched equipment. In any case, the force 
on the bullet is not on the bullet's center of gravity, but in front of it. As 
discussed, this force will try ta tumble the bullet. 

The initial yaw outside the bore and the helix lead angle follows 
this interrelationship. (See figure 10.) 


a = amount of the first yaw past the muzzle (external) 

х= stability factor 

е = amount of yaw inside the muzzle (internal) 

BA = ratio of moment of inertia about the projectile's transverse 

axis (across) through the mass center and about its longitudinal axis 
(length). 

The initial yaw as the bullet leaves the muzzle is governed mostly 
by stability. The direction of the yaw is haphazard or random and can be 
anywhere around the 360° of the muzzle, This makes target dispersion larger 
in cases of considerable yaw with low stability. 

Penetration tests conducted by the U. 5. Army have shown less 
penetration àt very short range than at moderate range. The lack af expected 
penetration at short range is blamed on initial yaw, which prevents the bullet 
from striking straight on. When the bullet stabilizes, the depth of penetration 
increases, Then the penetration depth gradually drops again as velocity, 
energy, and momentum decrease with extended range. 

The initial wobble that is yaw and precession can last up to 200 
yards before settling down. 
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UNBALANCE 

Bullets сап be deformed in their travel down the bore so thal their 
center of gravity is no longer in the center of form; i.e. the mass center is not 
on the bullet's axis. This is not common because jacket and bullet material 
that is strong and hard is less likely to be deformed and usually, as a result, 
more stable and accurate. Another cause could be that they were not 
manufactured correctly. In either case, poor stability is the obvious result. 

A bullet that is unbalanced longitudinally may still be stable in yaw 
if the bullet is fired at tlie proper twist and the center of pressure is behind 
the center of gravity. 

A bullet that is laterally unbalanced will be forced to conform while 
still in the barrel and its center of mass will revolve about its geometric 
center. When it is free of the barrels constraint, it will move in the direction 
that its mass center had at the point of release. After exiting the muzzle, the 
geometric center will begin to revolve about the center of mass and it will 
depart at an angle to the bore. At 54,000 r.p.m. to 250,000 rp.m., depending 
on velocity and twist, the centrifugal force can be tremendous. It will result 
in an outward or radial acceleration from the intended flight path and will try 
to get the bullet to rotate in a constantly growing helix. "Iry to" are key 
words as other actions usually prevent a large helix and bullets are not 
normally that out of balance, While it is rare, it can happen. 

NOTE that this is not the same as the helix that is created by 
the bullet’s precession, They are two separate and different actions. 

The diameter of the helix does not indicate the target dispersion. If 
it did, the diameter would be very small at the muzzle and become larger and 
larger down range. Actually, it is small at the muzzle and becomes even 
smaller down range. 

Static unbalance is caused by the mass center being laterally 
displaced as in figure 4 and 8. In this type of unbalance, if there is по 
rotation and the object is free to turn on its axis, it will roll until the center of 
gravity is at the lowest point. 

The centers of gravity may be divided on opposite sides of the 
rotation as drawn in figure 5 and 7. In these examples, the object will be in 
balance when stopped in static condition but during rotation it will be out of 
balance, This is called dynamic unbalance. 

A third type of unbalance is shown in figure 9. In this example the 
centers of gravity are located so the forces formed by centrifugal force will 
create both static and dynamic unbalance acting together. 

Bullets that are not properly balanced and follow a small helical 
path may continue that way to the target. 
+ For static unbalance we have: D-tan 2 s e / p. 
Where: D = angular deviation - lead angle 

e = eccentricity of mass center 

p= pitch of rifling 
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If you are not interested in math, don't worry about it, but the 
readers who can follow it will see that the deviation grows as the pitch of the 
rifling increases. While modern practice dictates that when in doubt, go for 
the faster twist, this can be overdone. Also noticeable is the very small 
amount of deviation required obtaining a one-minute of angle error. 

A different formula is used for dynamic unbalance and it reaches 
the same basic conclusion. That the deviation grows as the pitch of the 
rilling increases. Again, good pitch is necessary but can be overdone. 

Mathematics can show that both static and dynamic unbalance can 
be improved by a slow twist. On the other hand, the stability factor is 
improved by a faster twist, A good balance is needed. (No pun intended.) 
(See rifling in Chapter 12.) 

SUMMARY 

To reiterate, paw and mutation are different. Nutation is gyroscopic 
in origin and very small Faw is larger and while not caused by ihe same 
gyroscopic action, it still has a gyroscopic relationship. Both are affected by 
precession and interact together. If the bullet is not moving through the air 
exactly point on, for whatever reason, then the pressure is not through the 
center of gravity but before or ahead of it. This creates an overturning or 
upsetting action, which because of precession has a result 90^ from where it 
is expected. Further, the high speed of rotation is constantly changing the 
direction of upset, but always 90° from the force. 

This section on gyroscopic stability and the next section on spindrift 
are difficult to comprehend. It is comparable to religion because some of it 
has to be taken on faith. 1f these two chapters do not leave you with a clear 
picture, perhaps you will at least have a solid basic understanding. 

(For better comprehension, review the sketch below and the 
sketches on the next 4 pages.) 


PROJECTILE FLIGHT PATH exaggerated for clarity 


barrel DAR =” 


pem helical bullet path 


(not line of sight) 
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The forces acting on a bullet in flight. 


cross wind force or lift 


reaction force 


center line of bullet 


yaw 


| 1 weight 
center of gravity | | trajectory 
center of pressure 


Direction of lift and reaction rotates through the complete 
360 degree circle with precession, not the bullet's revolutions 
per second. 


FIGURE 3 


— — — a €——— M ————— 


99 


GF dac I m d 


Figure 9 - Both Static & Dynamic Unbalance 


For figures 7, 8, and 9, imagine the rotating object divided 
into 2 sections. 


Actual fore & aft center. 


Figure 10 


Precessional 


force acts here. 
Force applied here, Trajectory 
c.g. & also center of mass 
that bullet rotates around. 


An example of pressure force that is not directed at the с. р. 
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CENTER OF GRAVITY 


A cavily caused by any means, such as an actual hole from an error in 
manufacturing or а thin jacket or other defect, will shift the bullet's center of 
gravity off of its axis. The bullet will deviate from its intended trajectory as 
soon as it leaves the muzzle because of static unbalance. 


PROPER 
AXIS. 


CENTER OF GRAVITY 


The center of gravity (mass center) is still on the proper axis but the mass is 
unevenly distributed. This dynamic unbalance will cause a wobble about a 
new axis after the projectile leaves the confines of the bore. Other factors 
and forces may dampen the wobble, but the accuracy will be reduced. 
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CHAPTER 9 
SPIN-GYROSCOPIC DRIFT 


We will do the same as in the last chapter and go through 
everything several times in different ways to assist in understanding. If the 
reader has skipped the last chapter, it should be read, or this one will make 
no sense, 

Spin drift or gyroscopic drift is defined by Military Ordnance as, 
"The lateral deviation of the trajectory from the plane of departure caused by 
rotation of the projectile" Although we all use the tenn drift for both the 
action caused by the wind and gyroscopic action, deflection is the actual 
term for wind movement and drift for gyroscopic movement. Although the 
gyroscopic drift could be called a deflection as it deflects rather than drifis. 
Confused? If you are now thinking, "Who cares," you may be right. The 
problem is that over the years, ballisticians have started using terms that are 
opposite of their dictionary definitions. While it is best to know and use the 
proper word, às long as the person reading or listening understands whal we 
are saying, then our thoughts and ideas have been successfully 
communicated. 

Bulleis drift to the right when fired from a right twist barrel and to 
the left from a left twist barrel. Frequently called gyroscopic drift, it 
increases at the longer ranges and forms à slightly decreasing radius curve. 
We are not speaking now of wind deflection so let us assume a rare no wind 
condition. As with many fine points of external ballistics, this is more 
noticeable at the longer ranges. Sighting-in will correct it, but only for the 
intended range. 

Gravity pulls the bullet in a gradually increasing and accelerating 
downward path. Most bullets will quickly take on a constant trajectory 
attitude with the nose pointing a little to the side of the direction of rotation 
and a little nose high. This position is sometimes called equilibrium yaw. 

Spindrift is caused by gyroscopic action. As the nose moves around 
its small swinging arc, it moves farther to the one side on the down swing 
than to the other side as it swings up on the opposite side. Cyclaidal is the 
proper term to describe the axis movement, which is more and more down 
and toward the direction of rotation. 

With the spin from the rifling producing gyroscopic stability, it 
incorrectly seems to some people that the bullet should remain nose high as 
it follows the trajectory curve. The bullet's nose does not remain at the angle 
to the horizon it had when it left the muzzle, The angle will decline as the 
trajectory drops. It will remain slightly above the flight path but not 
necessarily above the horizon. The nose position changes in flight so that it 
remains almost point first, In other words, if it is fired at an angle of 20° 
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above the horizon, it will not hit at that angle down range. A properly 
stabilized bullet will still strike point first. 

Air pressure from the atmosphere presses against the bullet on the 
front end, but very slightly on the under side rather than dead straight. This 
will be more pronounced as the projectile moves farther from the muzzle. 
This pressure is ahead of the center of gravity and will try to force the nose 
higher above the curve of the trajectory. The center of gravity being 
somewhat to the rear of center will intensify this condition because of the 
streamlined, tapered nose. The phenomenon that is involved with gyroscopic 
action causes the bullet's nose to begin an arc to the right - with right hand 
twist - and down. The action is continuous and gradually diminishing. As air 
pressure pushes in one place, the point swings out in a different place around 
the circle of rotation as gyroscopic action dictates. This is with a right hand 
bullet rotation. In case of a left-hand rotation, it would be to the left. 

The bullet's nose will never move as high above the trajectory curve 
as it was on the previous turi because of axis shifts and changes im pressure. 
The nose then drops, as does the trajectory curve. 

Without the gyroscopic effect, the air pressure would pitch the nose 
further up around the center of gravity and tumbling would be a possibility 
on a long-range shot. The shape of the hole in the target at long ranges, 
particularly under test conditions, backs up the result if not the reason. 

One test conducted to determine if bullets stay point-forward at 
long range is especially interesting. The U. 5, Army performed the 
experiments on the .45 cal. U. S. military rifle with .500 grain bullets. 
Although conducted in 1880, the laws of physics applying to rifled barrels 
and projectiles are unchanged today. At the extremely long range of 2,500 
yards, the trajectory was low enough and the bullet point forward enough for 
it to make a cut in beach sand. The bullet was marked under the point in an 
arca that showed a point-forward impact. 

At 3,200 and 3,500 yards, the angle of impact was much higher and 
only a round hole was made instead of a cut. The impact marked only the 
point and was again, point-forward. The testing was carried out at ranges 
from 1,500 to 3,500 yards, and the bullets always hit point-forward. At the 
longest range of 3,500 yards (60 feet short of 2 miles), the angle of descent 
was 65°, 

The slight yaw that bullets have as they leave the muzzle becomes à 
diminishing precession. 

For a more detailed explanation, consider a bullet fired from a 
barrel with a right hand twist. A lefi twist will cause the same action only to 
the reverse or left direction. The bullet's front-end is lifted as the trajectory 
curves down and air pressure pushes beneath the nose. The bullet has 
gyroscopic stability and resists this moment upward by pointing its nose 
Slightly to the right because of precession. The nose night is maintained by 
the upward moment and the stable flight attitude is nose high and nose right. 
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A very tiny amount, of course, but present nevertheless. This yaw of repose 
tends to steer the bullet slightly to the right. The air pressure is giving a push 
to the nose on the left side. 

There is no practical method of calculating drift from factors such 
as velocity, range, etc. Various bullet characteristics that cannot accurately 
be predicted are involved. Consequently, a direct measurement during 
testing is the only certain method for determining drifl. This evaluation is 
common with military ammunition, but is not usually done with sporting 
cartridges and bullets. 

A MISCONCEPTION 

Many people have blamed this side drift on the bullet "rolling on 
air." This hypothesis states that as the bullet drops, it compresses the air 
below it and then the bullet rolls to the side on the compressed air cushion. It 
has been cleverly compared to throwing a spinning log or baseball bat on 
water. Modern ballistic laboratory tests have shown that the rolling on air 
theory is incorrect, It is still believed mainly because of two reasons. First, it 
is a simple and easy to understand idea that sounds reasonable. Second, it 
was embraced by Major (later General) Julian 5. Hatcher. (1888-1963) He 
mentioned it in his book Textbook of Pistols and Revolvers, (bottom of page 
142) published in 1935, and several times in The American Rifleman, (July 
1952, for one example.) J. S. Hatcher was an expert on the subject and 
highly respected. In this case he was in error but due to no fault of his own. 

For people who do not want to move into contemporary times, the 
rolling on air theory may assist a very slight amount, but the fact that the 
drift increases with distance shows the help to be minimal. Remember, the 
rotational speed gradually slows, so the drift would not increase if caused by 
something that decreases. 

STATISTICAL PROOF 

The Springfield .30-'06 will be used once again for an example. 
Because of early and long-time military use, a great amount of information 
has been gathered about this cartridge that does not exist for other 
ammunition, thanks mostly to research by the U 5 Army. 

The gyroscopic drift of this bullet is about 13" at 1,000 yards. Long 
range artillery and machine-gun tables include this information. 

For ranges below 1,000 yards, it is suitable to use the approximate 
relationship that the drift is proportional to the square of the time of flight, or 
to the third power of the range. For example, at 500 yards the drift will be 
approximately 2 that at 1,000 yards or 13 inches. At 300 yards it will be 
about 1/30 that at 1,000 yards or about Ẹ inches. While it is excessive at 
ranges well over 1,000 yards, it is small enough to be of no concern at 
normal ranges. The Springfield .30-'06 rifle's rear sight aperture is mounted 
on a slide that is inclined and also slanted to the left. As the sight is raised 
higher for longer range shooting, the sight also moves a slight amount to the 
left to compensate for drift. 
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To summarize in a few words, the curved trajectory causes 
pressure on the bottom of the bullet's nose and that, because of gyroscopic 
precession, causes a yaw and drift to the side in the direction of rotation, 

Gyroscopes precess slower as their г. p. m. increases. This is a basic 
fact for any object having gyroscopic propetües. Also, slower precession 
needs a larger yaw to maintain equilibrium as the trajectory curves. An 
increase in spin will increase the yaw. The extent of the equilibrium yaw is 
in a direct proportion to the spin. The faster spin, therefore, has little 
advantage over the slower spin. 

THE EARTH'S ROTATION EFFECT 

Knowledge of the earth's rotational effect has very little practical 
benefit, for most of us are not going to be shooting at ranges long enough for 
the earth's rotation to be noticeable. Nevertheless, it is an interesting subject 
and should be included in any serious study of ballistics. 

Gaspard Gustave de Coriolis worked at the Ecole Polytechnique in 
Paris, France as an assistant professor of mechanics and analysis. In 1835, he 
wrote of the natural law of physics that makes moving things, such as 
flowing water and projectiles, move to the right in the Northern Hemisphere 
and move to the left in the Southern Hemisphere. (For readers who missed 
that day in school, the imaginary circle around the earth, equally distant at all 
points from both the North Pole and the South Pole, known as the equator, 
forms the dividing line between the two hemispheres.) The Coriolis effect, as 
itis known, supposedly causes water to drain out of a bathtub with a 
counterclockwise swirl in the Northern Hemisphere and clockwise in the 
Southern. Weather masses take curved paths across the earth as they move 
from high-pressure areas to low-pressure areas because of this effect 
Hurricanes, waterspouts, and cyclones are likewise affected. 

Very simply, this effect is caused by the earth's rotation. It is 
moving east at about 750 miles per hour, 

The British Small Arms Committee discovered back in 1886 that à 
projectile would deviate about 6" to the right in 1,000 yards from the earth's 
rotation, (Northern Hemisphere.) Maximum drift occurs when the bullet is 
fired toward the southeast and minimum drift when fired to the northwest. 
This 15 in addition to the normal Eyroscopic spindrift in the direction of the 
rifling twist. 

Generally, the bullets curve will be about $^ of an inch in 125 yards 
in the central part of the U. S. 

The drift effect on a projectile caused by the earth's rotation varies 
inversely according to proximity to the equator. Sighted-in rifles will remain 
the same unless moved an extremely long distance north or south. Even then, 
it would only be noticeable at long ranges like 1.000 yards. Of course, only 
the very best bench-rest shooter could detect such an effect. 

In The Book of the Rifle, Freemantle writes of testing by Sir Henry 
Halford with the Metford .461 caliber match rifle at 1,000 yards. He stated 
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that deviation from both spin drift and earth rotation together, using a right 
hand rifling twist, was 3' 6" to the right Using a left-hand twist of equal 
inclination, it was reduced to 2' 6" to the Іей, While these figures may seem 
high, remember that no two calibers and firearms are the ваше, Also, the 
actual amount is not as important as the knowledge and proof that this 
occurrence takes place. 

After the projectile leaves the gun, its plane of motion is fixed in 
space, except for drift and deflection, and the earth turns under it, The 
linear velocity of the surface of the earth at the gun, due to both rotation and 
translation, is conveyed to the projectile. As long as this linear motion is 
constant in amount and direction, there is no effect on the trajectory. It is 
only the angular diurnal motion that influences the trajectory and it does this 
in both range and deflection. 

(Take a deep breath. The following is nerdy information in 
gruesome detail.) 

Without going into astronomics or mathematics, there are many 
obvious results. Consider that this rotation can cause an angular lag or 
deviation of the projectile to the west as the vertical axis is carried by the 
earth's rotation to the east. The rotation about the axis perpendicular to the 
plane of departure causes a change in range. 

During the flight of the projectile, it is al a constantly varying 
distance from the surface and hence from the center of the earth. These latter 
distances are all greater than the radii of the earth at the beginning and end of 
the trajectory. Therefore, the projectile will lose in angular velocity, duc to 
its increased distance from the center of the earth A projectile fired 
vertically at the Equator to a great height would strike the earth at a point to 
the west of the point of departure. The amount of the westward deviation 
would depend on the height of the trajectory and the time. 

The surface of the earth at the time of shooting is the horizontal 
surface of projection, and the range is measured on this surface taken as 
fixed in space. By the rotation of the earth while the projectile is in the air, 
the surface of the earth to the west of the gun is elevated in respect to the 
horizontal surface of projection and the surface of the earth to the cast of the 
gun is depressed. Thus fired westward, as the projectile approaches the 
surface of the earth, it will be moving with a greater velocity but at a lower 
altitude than would have been the case if the earth had not been in rotation. 
The earth comes up and meets the projectile and shortens the range more 
than the first-mentioned term lengthens it, except in case of very high angles 
of elevation. The rising of the western horizon makes the sun appear to set 
and the lowering of the eastern horizon makes the sun appear to rise. 

The effect of the two terms in range may be visualized by drawing a 
trajectory of low elevation and another almost vertical. Now, keeping the 
origin fixed, rotate the horizontal and vertical axes counter to the direction of 
the trajectory, which will correspond to the rotation of the earth when firing 
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west. It will be noticed that the range will decrease for the trajectory of low 
elevation and increase for the nearly vertical trajectory! 

For artillery, the amount of the change in range due to the rotation 
of the сапа is obtained by numerical integration. (Differential equations, 
which is advanced mathematics. ) 

Vertical axis: The rotation. around the vertical axis produces à 
deflection. It varies as the sine of the latitude and is independent of the 
azimuth of бге, A projectile fired from the pole of the earth would undergo 
an angular deflection proportional to the time of flight, and hence a lateral 
displacement approximately proportional to the product of the time of flight 
by the range. In the Northern Hemisphere this deflection is to the right while 
in the Southem Hemisphere it is to the left. 

Horizontal axis: The rotation around the horizontal axis produces a 
deflection very similar to cant. The projectile is carried out of the vertical 
plane and the amount of the deflection is approximately proportional to the 
height the projectile goes as well as the time of flight. It is at a maximum 
when firing on a meridian and zero when firing east or west. When firing 
northward in cither hemisphere the deflection is to the left and when firing 
southward it is to the right. 

Perpendicular axis: As explained a few paragraphs earlier, a 
rotation about the perpendicular axis from the point of departure causes a 
change in range. 

VERTICAL DRIFT 

; An interesting side-note to wind drifi is the very slight vertical drift, 
either up or down, caused by a crosswind. At first that sounds impossible, 
but it is a proven fact and not an unsupported theory. One reason it is little 
known and seldom mentioned is (he vertical movement is so small. Also, it 
requires extra laboratory skill to prove because several details that can 
change the trajectory have a normal variation larger than the vertical drift. In 
other words, ammunition and other variables may cause a larger change in 
cpr Preah This gives added meaning to the statement, “all other things 
equal.” 

The crosswind causes the bullet's front end to precess slightly and 
slowly. A right hand twist and spin and a right cross wind will raise the nose 
and the impact point, A right twist and a left crosswind will lower the nose 
and impact point. A left spin will cause the opposite reaction. Wind from the 
right will lower the nose and from the left will raise the nose. 

The effect is noticed in extra long projectiles where the center of 
pressure from the drag is ahead of the center of mass. This includes most 
rifle bullets. 

The vertical drift is in the region of $" the side drift. The Ballistics 
Research Laboratory at Aberdeen Proving Ground considers the effect so 
small that it is not listed in firing tables for any gun smaller than an 8" bore. 


108 


LATERAL JUMP 

It is interesting to note that many rifles have a small lateral jump 
during finng. That is an angular displacement sideways. The amount has 
been determined for some military rifles. For example, a 30-06 bullet from 
a 1903 Springfield was found to be a little to the left at a 500-yard range. 
The gyroscopic drif to the right from a right twist barrel is not enough to 
overcome it until a longer range. This lateral jump may not exist for some 
guns and may be different for each firearm that has it. 

LONG RANGE WOBBLE 

Gyroscopic stability is what holds a child's spinning top erect until 
it slows down and begins to wobble and eventually falls over. A spinning 
bullet can do the same thing for the same reason. If the range is long enough 
and especially if the bullet is not as stable as it should be, it will wobble and 
change position. Bullets must have complete stability, not just marginal 
stability. After all, a long and streamlined bullet will tumble almost at once if 
given no spin from a smooth bore gun. As a projectile moves, the velocity 
decreases faster than the spin, which helps it to maintain stability at range. 
From that it 1s obvious that a faster twist will not usually help long range 
stability, Still, gyrascopic stability is vital and over stabilized bullets are 
more practical than previously believed. The most popular theory today, 
which is backed up by testing, is when in doubt, go for the tighter twist. 

This is opposite some people's opinion that for long range work, à 
bullet should leave the muzzle at minimum stability. That is false. It is also 
false that firing a bullet at minimum stability is necessary to keep the point 
on the trajectory as the bullet arches over on a long-range shot. This 
falsehood is explained in several areas of this book. (There is more on 
carrect twist in Chapter 12.) 

Normally, a bullet will be about 13 times more stable at 500 yards 
than at the muzzle, partly due to the initial yaw, which usually corrects itself. 
MATHEMATICS 

For readers who like mathematics, consider the following: Stability 
can be expressed by the military conceived formula: 

S=A°N | 4B, 
Where: S= stability factor which must be greater than 1. 

A = Moment of inertia of projectile about its 

longitudinal axis. 

N= spin. 

В = Projectiles moment of inertia about the axis 
going through the center of gravity and 
perpendicular to the longitudinal axis. 

u = moment factor which includes air density, 
projectile speed, diameter, and a moment 
coefficient that is based on the projectile's 
shape and velocity relationship. 
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For mathematically inclined readers, there is a benefit in studying 
this formula, but you are not expected to work it. Not enough information is 
given. The reader cannot look up the moment coefficient as he or she can 
look up the ballistic coefficient in another section. Nevertheless, with 
knowledge of mathematics and how numbers and terms interrelate and 
function together, some basic information can be deduced. 

There is a big advantage to expanding the diameter of a projectile as 
is shown by the moment of inertia (4), which is squared in the formula. The 
other moment of inertia (2) has its effect in the opposite direction as it is 
opposite in position, But, notice (8) is not squared in the formula so its effect 
is only to the first power. Therefore a projectile that is short and fat should, 
everything else equal, be very stable. 

When the center of gravity and center of pressure are moved apart, 
the stability is reduced. This is logical and basic. It also increases the 
moment factor in the formula. The longer projectiles usually have the two 
points the widest apart and also have the poorest stability. (There are 
advantages to long projectiles, but that is not the subject at this time.) 

The spin created by the rifling is a major detail and it is squared in 
the formula. Velocity affects spin and stability. 

HOLLOW POINT BULLETS 

In а hollow point bullet, removing the center portion removes 
material clase to the axis, which has a small radius of gyration, The design 
shifts some of the mass out from the axis The average radius of Eyralion of 
the rest of the bullet is increased. This improves the stability and helps slow 
down rotational deterioration. The greater the radius of gyration the stronger 
the gyroscopic effect and the stronger the stability. The hollow point also 
transfers the center of gravity farther to the rear as does a nose radius and 
streamlining. 

Moving the center of gravity back separates it farther from the 
center of pressure: This is harmful and makes it more difficult to stabilize. 
Some people believe hollow points are more accurate because they are better 
stabilized while some think the reverse is true. In most cases, the two things 
probably cancel cach other out and the end result is a tic. 

The changes in the formula listed are easy to visualize and the 
increase in stability may be small. 

If the hollow is in the base, as on a shotgun slug, the stability will 
be improved because the center of gravity is moved forward. 
VELOCITY 

If other factors remain the same, changing the bullet's velocity 
changes the stability but not in a direct way thal is easy 10 calculate 
mathematically. Generally, the stability increases a large amount at 200 [p.s. 
or 300 Гр.5. above the speed of sound. (The speed of sound and the 
transition range above and below it are discussed in detail in Chapter 13.) 
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The moment factor in the stability formula takes into account 
projectile velocity, While a velocity increase will increase stability, it is a 
small amount. The ratio between the velocity and the twist is a constant. The 
gain in stability will be from a small decrease in overturning moment. 
BULLET STABILITY DEFINED 

A technical definition of a bullet's stability: it varies directly as the 
square of the axial moment of inertia and inversely as the first power of the 
transverse moment. At first reading, that is overwhelming, but it isn't 
particularly difficult. To vary directly as the square means exactly (precisely) 
the quantity times itself. The axial moment of inertia is the rotary force about 
the axis, (the mass). Inversely means opposite or inverted as one quantity is 
greater or less accordingly as another is less or greater. The transverse 
moment is the force operating across (crosswise) of the axis, which tends to 
throw a rotating object out of position, Finally, as mentioned at other places 
in this book, a force in rotary motion is called а moment. 

Let's repeat the technical definition. A bullet's stability varies 
directly as the square of the axial moment of inertia and inversely as the first 
power of the transverse moment. See? Now that we know what the 
unfamiliar words mean, the statement makes a lot more sense. Therefore, it 
follows that а bullet's stability is directly proportional to its density. In other 
words, if the size and design are the same, a heavier bullet will be more 
stable. Light metals are hard to stabilize and also poor in other ballistic areas. 

The transverse moment of inertia can be increased by added weight 
at the axis by using a longer bullet or long point, boat-tail etc. This decreases 
the axial moment and will not help stability. In fact it may decrease it. 
Hollow points, blunt noses, etc. increase the transverse moment and increase 
stability. Once again, there are advantages to long projectiles, but that is not 
the subject at this time. As is frequently the case, a compromise is required 
in choosing of designing a bullet. 

PROJECTILE STABILITY AS A TECHNICAL STUDY 

Projectile stability is a complicated subject and we have just 
scratched the surface. There has been a lot of research on this in recent years, 
but it would take another hundred pages io explore it in comprehensive 
detail. For example, the stability factor formula given on page 109 is just the 
beginning of an enormous amount of mathematics that could be included. 
This would probably go far beyond the technology and knowledge that most 
readers would be interested in reading. 

RIFLING TWIST , 

That rifling twist is important to stability is obvious, Gyroscopic 
stability varies as the square of the rifling twist. This means that a very slight 
change in twist will have a disproportionately substantial result. (Twist is 
covered in detail in Chapter 12.) 
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CHAPTER 10 


RICOCHETS AND BRUSH DEFLECTION 


These two subjects are closely related and they will be discussed 
together, As with all of the subject areas of ballistics, this field of knowledge 
is intertwined with other information. 1f it has not been read lately, it would 
help to review Chapters 8 and 9 on gyroscopic stability and spindrift. 
RICOCHET 

This is a word with a French background. It is as hard to get experts 
to agree about ricochet details as it 1s to spell correctly. Ricochet is defined 
as the glancing off of a projectile from a hard surface. One writer said it was, 
"a phenomena of low velocity rather than of high velocity." This is not 
correct, as a high velocity projectile will ricochet as much as a low velocity 
one will. The thinking, of course, is that at high velocity, all projectiles will 
break apart. This is also incorrect. Of course, more will break up at high 
velocity than at slow velocity, but not all of them. Not by a long shot. (No 
pun intended.) 

For about as long as people have thought of the subject, it has been 
believed that high velocity prevents ricochets. The idea is that a bullet at 
high velocity - the required speed usually not specified - will break apart on 
hitting amy object. Even leaves and tiny twigs are supposed to destroy a high 
velocity bullet. 

If we stop and think for a moment, we realize that à bullets 
velocity deteriorates. In most examples, only near the muzzle is the velocity 
high enough to believe in this statement with any certainty and then only 
with something more substantial than a leaf or a twig. While it is true that 
ricochets can be reduced by high velocity, it is not à "given," 

Soli-point and hollow-point bullets are safer from ricochet. They 
still ricochet, but it is frequently in pieces because they аге more likely to 
break apart on impact. 

Water is conductive to ricochets and some interesting testing has 
been done in association with water. A bullet will not penetrate a body of 
water if the angle is shallow enough. Sort of like skipping flat rocks. Tests 
conducted by Winchester show that a .22 Super X bullet ricocheting from 
water lost, on the average, only about 45 f.p.s. Bullets hitting at 1,240 f p s. 
ricochet off at 1,195 f.p.s. It is important to be aware that a bullet's velocity 
may drop very little from a ricochet, The angle has some influence, but it 
is obvious that much care must be taken. Other calibers will be affected in a 
similar way. As this clearly indicates, a safe backstop should be used even 
when shooting at water. 

Liquid water, and substances such as snow that don't deform the 
bullet, will tum the bullet during the ricochet in the direction of the barrel 
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twist. A bullet fired from a barrel with a right hand twist will fly off 
somewhat to the night, as a left twist will to the left. In heavy snow it can 
even curve around and exit im a slightly different direction, even though it 
was not, technically speaking, a ricochet. Under some conditions, even a soft 
point bullet at high velocity can ricochet off a sand pile if it hits a tiny rock 
at the correct angle. 

Regardless of the type of surface, a bullet of any caliber will 
ncochet at the angle of incidence. In other words, a shallow angle strike will 
ricachet at a shallaw angle and very little energy will be lost. With a steeper 
angle of incidence, the angle of ricochet will be steeper and the energy drop 
will be greater. 

Penetration testing on steel can be dangerous. The bullet can come 
straight back toward the shooter or friends standing nearby. This would not 
be a ricochet in the true sense of the word. Perhaps spring, bounce or 
rebound would be a better word choice. Most people think in terms of 
glancing at an angle down range, not bouncing back. It the bullet cannot 
penetrate or knock out a slug, then it has the potential to come back. Wear 
eye protection and use caution, 

Of course any bullet can ricochet. If you are in a situation where 
you are afraid it might ricochet, then don't shoot. Remember that high 
velocity bullets loose velocity over long distances. Also, the shattering 
ability of high velocity bullets is perhaps overrated. Even so, the fastest will 
lose velocity to where it can ricachet the same as any other slower bullet. 
BRUSH DEFLECTION 

Deflection from brush and twigs is a big concem when hunting in 
the woods. Numerous experiments have been conducted to determine which 
cartridge and bullet type will handle brush with the least problems. 
Unfortunately, the tests don't agree with each other. Some promote a heavy 
slow moving bullet (the theory for years) while various other test results 
speak of great things with light, high velocity, spitzer point bullets. 

Some tests have shown velocity is not a factor in brush deflection 
and other tests have shown that the higher velocities are better. Many hunters 
prefer low velocity cartridges, partly due to the popularity of the old 30-30. 

One thing is certain. The testing methods leave much to be 
desired when the results are so widespread and divergent. 

KNOWN FACTS 

The evidence tends to lean toward high velocity being better than a 
low velocity, (bullet weight, and other factors being equal) and also toward 
heavy bullets without excessive length. 

It was just reported in the chapter explaining gyroscopic properties 
that a bullet's deflection from branches 1s caused by a force on some of 
the ogive. The pressure will cause precession and the direction will depend 
on where the force is applied. The amount of deflection will depend directly 
an tlie amount of force and inversely on the angular momentum of the bullet. 
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The rules of gyroscopic action will give an edge to a short fat bullet over a 
long thin bullet if the weight and spin stability are equal, The short fat bullet 
will precess less and slower. — 

Bullets hitting twigs and brush are not only deflected from their 
trajectory, they also yaw and lose gyroscopic stability. They can be knocked 
into a helical spiral and because of gyroscopic precession, the travel will be 
in a different direction than the direction of original force. Testing has shown 
maximum yaws as much as 50° are common from heavy brush. A bullet with 
high stability can become stable again if the range 1s long enough, although 
it will be in a new direction. 

Good brush deflection requires a bullet from à barrel with a proper 
twist. If the stability is marginal, it will take very little to cause it to tumble. 
Although tumbling and deflection are two different things, they are related. 
A yaw is not tumbling, but if the bullet cannot stabilize itself again, it may 
tumble if the range is long enough. As previously mentioned, the direction 
will be changed. 

Testing conducted for military purposes at Aberdeen Proving 
Ground showed that bullets break up easily on obstacles. When the bullets 
held together, the least deflection was by bullets that possessed the most 
density, the most velocity, and the most gyroscopic stability. 

This is the opposite of the older theory promoting slow bullets. 

It should he kept in mind that all bullets can and are deflected 
by brush, tree limbs, and branches: high velocity, low velocity, short and 
fat or long and slim. 

A lot of benefit can be obtained by using the proper bullet. Much of 
the trouble with hunting in brush is not deflection but as was just mentioned, 
disintegration. They simply fly apart when they hit something. Out af the 
countless cartridges and bullets manufactured, look for strength as well as 
weight, shape and expansion. 

In the chapter on gyroscopic stability there was a discussion on the 
use of screens or papers placed down range to check for yaw and spiraling, 
etc. The same technique is useful in testing for brush deflection. Screens can 
be placed in such a position as to intercept the bullet at different points after 
it has deliberately hit a peg or dowel. 

Some testing has shown that a bullet's shape has little effect on 
deflection. That is probably true in many cases, but a careful analysis of the 
physics involved would indicate otherwise. Most likely the differences are so 
small as to be difficult or impossible to determine in all but the best 
laboratory testing. 

SUMMARY 

All bullets can and are deflected by brush, tree-lin or Aun 
Martha's favorite rocker. (If you or she are in the mies High 
velocity, low velocity, short and fat, or long and slim, the result can be the 
same. 
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The amount or angle of deflection is a direct result of impact angle. 

Metal cases and strength helps to prevent fragmenting. 

Big, heavy bullets are better in brush than small, light bullets, 

Velocity is still а matter of debate, but most research leans toward 
more velocity instead of less. 

Last and most important, if possible, avoid shooting at animals 
through forested growth. 
+ A well-know sportsman and gun expert, Col Charles Askins, 
believes there is no easy and accurate solution to using bullets through brush. 
He said in the March 1982 issue of the NRA's The American Rifleman, "Our 
sporting bullets are pretty much incapable of slashing through the limbs, the 
brush and the second growth with any degree of assurance of thereafter 
killing the game." 

Amen. 


17th century Malian physiologist Giovanni Borelli said, "The 
perpetual law of nature is to act with a minimum of labor......avoiding, in so 
far as possible, inconveniences and prolixity s." This is sometimes called, 
"the principle of least action," and it applies to both static and dynamic 
equilibrium as well as gyroscopic action, trajectories, etc, The list can go on 
to almast infinity. 
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CHAPTER 11 
BARRELS 


A barrel consists of a lot more than a metal bar with a hole down 
the center, The barrel's length, material, rifling, choke, etc influence much of 
the science of firearm ballistics, and they are frequently changed or modified 
with the hope of receiving better performance. 

All ballistic subjects are so intertwined that some barrel topics are 
discussed in other chapters. The index should prove helpful. 
MANUFACTURING 

Rifle barrels are subjected to considerable stress during 
manufacturing. The steel blank has to be deep-hole drilled through its entire 
length with the resulting chip clearing problem. The hole is left about 010 
inch below the finished bore size. Several reamings are required to bring the 
bore to the final dimension. The outside of the barrel has to be machined to 
size and concentric to the bore, if possible. Other operations include the 
chamber, sight mounting holes and threads on the breech end, and we must 
remember the addition of the rifling grooves. (Rifling is in Chapter 12.) 

Chambers and barrels are not always made as accurately as they 
could or should be. Diameters can be too big or too small, tapers inadequate 
and in the wrong place, lengths long or short. Misalignment of the chamber 
to the axis of the bore, both in straightness and concentricity, is not unusual 
and very difficult to detect. 

STRAIGHTENING 

Straightening is an important detail, and one that requires much 
human skill and experience. Two different methods are in use. Ring 
straightening involves sighting down the bore toward a light source and 
rotating the barrel while watching the light rings and how they appear in 
relationship with each other. The barrel is then placed upon two lead blocks 
and struck with a lead or bronze hammer at the high point. The barrel will be 
inspected after each blow until the rings maintain a concentric position while 
the barrel is rotated. 

Line straightening involves the use of a backlit-frosted glass with 
а thin opaque horizontal crosspicce at its center. A straightening jack, which 
is sumilar to an arbor press, is 18 feet away. When sighting through the bore 
al a point just below the cross piece, two shadow lines will converge al the 
muzzle end and form an angle with the vertex at the bottom of the bore. The 
lines will extend back and up the sides and appear as an inverted V. The 
lines will extend about half way down the bore, as viewed through the 
breech end. If the barrel is straight, when it is rotated the lines will keep their 
symmetrical position. The barrel is straightened as required with the jack. 
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As you can easily understand, it takes great skill, experience, and a 
lot of patience to be a good inspector and barrel straightener, 

All of the machining and cutting places a lot of internal stress in the 
grain structure of the steel. In cheap barrels, little correction is done and 
whip and other barrel movement is greater than it needs to be. Best quality 
target barrels are carefully heat-treated and stress relieved. It is interesting to 
note, as many old time machinists know, that the hammering involved in the 
straightening process aligns the grain structure and relieves stress. The more 
straightening a barrel requires, so long as it is done properly, the less internal 
stress the steel will have. 

A perfectly straight barrel is extremely rare. This should not be 
confused with concentric, which is à separate topic. 

Testing a barrel involves fitting the barrel with two concentric and 
accurately machined rings. Each is tightly placed around the barrel at about 
20% of the total length from each end. The barrel is then placed in a special 
accurate and smooth V black that is long enough ta reach both rings. Two V 
blacks can be used, but getting them positioned and mounted so they are 
dead in line is not easy and requires both instruments and skill. The long 
block is (or blocks are) securely fastened to something extremely rigid or 
heavy and stable. It must not move even the slightest amount. 

Both of the rings must be held firmly in the V groove as the barrel 
is fired al a target at least 100 yards down range. A no-wind day is best 
because winds are not steady and constant. The barrel is rotated and fired al 
different points. The four 90° points are satisfactory. Don't be frugal with 
ammunition, Fire at least five shots from each position and use only ammo 
from the same box. As always, an occasional flier can be expected. But if the 
barrel is straight, it will shoot à normal group of 2 inches or 4 inches or 
whatever the barrel is capable. If it shoots 4 separate groups at 90^ points, the 
answer is obvious. 

The Miers that were mentioned are hits that do not follow the 
normal tendency of the firearm. Some people believe that nothing can be 
done to prevent them, but that is nat always true. There are several 
suggestions in this book in the section on gyroscopic stability and rifling. 
Other sections also have tips in this subject area. 

LENGTH 

Barrel length is an important factor in bullet efficiency as it relates 
to chamber pressure and the expansion of gas. The length of the barrel is 
important in relationship to velocity figures and generally, the longer the 
barrel the higher the velocity, up to a point. The word generally indicates 
this is not always true, as will be explained. 

When the powder in the cartridge is ignited, it expands as a hot gas 
which in the open air, would extend in all directions. This expansion, 
differing with various powders, can be as much as 800 to 1,300 times in the 
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free air. The pressure accelerates the bullet down the barrel because it has no 
place else to go, discounting the /eaks in some firearm types. 

The longer barrel won't help, not because the powder is still 
burning in the extended barrel, but because the gas is still expanding and 
pushing the bullet to a higher velocity. There may be some unburned powder 
found in the barrel after firing, but in that case, it probably would not have 
burned in any length of barrel. 

As the bullet moves down the barrel, the area behind it that is being 
filled by the expanding gas increases and the pressure will eventually begin 
to drop. There will be a point in an excessively long barrel where the drop in 
pressure would not be able to continue acceleration against the friction 
required to push the bullet through the rifled bore. (Or a smooth bore, for 
that matter.) Also, a shock wave can develop at high gas velocity. At this 
point the velocity will begin to drop. Few firearms are made today with 
barrels excessively long, although weak ammunition can create this problem 
in an otherwise excellent gun. 

Example: The velocity of a .22 rumfire long-rifle bullet will begin to 
slow at about a 16 to 18 inch barrel length, depending on ammo type and 
firearm. At 16 inches, there is a gas expansion of about 37 times its original 
volume, The .22 has a tiny chamber and this gas expansion is extended to 44 
if the barrel length is increased to 19 inches. The .22 short cartridge has an 
even smaller chamber and would give an even higher expansion in the same 
barrel length. Years ago, testing by Eric Johnson of Hoffman Anns Co. 
showed an 18-inch barrel length gave best velocity for the .22 long rifle 
cartridge, An interesting side point: The very high velocity of about 4,000 
Lp.s. is hard to exceed in a .22 caliber regardless of powder charge because 
of the barrel's resistance (friction) to the movement of both the bullet and the 
gas. Larger center fires have a slightly higher limit, 

The barrel should have nothing in it except the bullet and the push 
of the expanding gas. The combustion of the powder should all be in the 
cartridge case, not the barrel. That is why the statement that long barrels are 
best because they let all the powder bum is wrong. Barrel lengths are best at 
a length (if practical) that lets the gas expansion be most efficient, As stated, 
combustion is best in the cartridge. 

The requirement for longer barrels was stronger in black powder 
days than it is with modern powders. Today, the need for a long barrel for 
gas expansion is a fact but in earlier times this need included length for 
proper buring. Occasionally this persuades people in the present time to 
believe they need a barrel much longer than is required. 

EXPANSION RATIO 

We mentioned expanding gas and the barrel length. This expansion 
ratio needs more consideration. The technical meaning is the ratio that we 
obtain if we divide the volume of the powder chamber with bullet seated 
into the volume of the powder chamber and bore added together. Or, put in 
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simpler terms, how much room the expanding gas has to expand into before 
the bullet leaves the bore. This ratio is a determining factor in muzzle 
velocity. Also involved are peak pressure and the distance the bullet has 
moved. 
* To work this out mathematically, we must first find the bore 
volume. For this, we can use a formula that assumes the lands cover a 
normal or standard percent of the bore area. (The cross section as seen from 
the muzzle.) This is the standard industry formula with .773 as a constant, 
Bal * PP * ‚7173 
Where D = groove diameter of barrel in inches 
L = length traveled by the base of the bullet 
from seat to muzzle in inches 
В = bare volume in cubic inches 
+ The bore volume, along with the powder chamber volume, can 
determine the expansion ratio. 
R=8#+U/U 
Where: A = ratio of expansion 
В = bore volume in cubic inches 
U = volume of powder chamber in cubic inches 

The .30 caliber МІ carbine uses a cartridge with a 081 cubic inch 
capacity. When fired, the gases will have expanded to double their volume 
when the bullet has moved approximately 1.2 inches down the 18-inch 
barrel. At the muzzle, the gas will have expanded approximately 15 times. 

By comparison, the .30-'06 cartridge has a capacity of .251 cubic 
inches and will therefore require 3.4 inches of bullet movement to double its 
volume. At the muzzle end of a 24" barrel, the gas expansion will be only 7 
Limes. 

In the two examples just listed, the longer barrel is not as efficient 
as the shorter barrel. The cubic capacity of the cartridge case is the 
controlling factor. One expands 15 times to the others 7 times. Bullet weight 
is less in the carbine and it receives only a 26% loss of velocity (compared to 
the 30-06 with a 24-inch barrel) with 70% less powder charge by weight 
and a 25% shorter barrel. 

The little 22 R.F. short cartridge has a very restricted. powder 
space. It will expand about 20 times in a short handgun barrel. In longer 
barrels, it may not have enough pressure left to surmount the friction with 
the bore and reach its potential velocity, By comparison, large, bottlenecked 
magnum rifle cartridges might barely double the gas volume in a short barrel 
of handgun length. Frequently even a 30" rifle barrel will not be long enough 
for them to develop maximum velocity. 

Another point that has to be considered is the ratio of bullet weight 
to powder-charge weight. Faster and slower powders or a heavier bullet will 
bring about the least change in velocity. Hand-loaders with a chronograph 
will find this easy to test for themselves. 
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Expansion ratio is the technical reason why enlarging the cartridge 
case so that more powder is used will increase velocity without a change in 
bore or barrel length. More chamber volume for the same bore volume, and 
the expansion ratio becomes less. Therefore, the hot expanding gas has gone 
through less expansion when it arrives at the muzzle, which makes the 
тихе pressure higher. This higher pressure is throughout the bore and 
increases the velocity. But there is a price to pay. (Isn't there always?) A 
higher percent of the energy is lost into the atmosphere. With a smaller 
percent of its potential put to use, the efficiency will be less. 

VELOCITY AND BARREL LENGTH 

Both ballistic laboratories and  gun-magazine writers have 
conducted many experiments comparing barrel length to velocity. Handguns, 
shotguns, and rifles have all been subjected to the hacksaw as inches were 
removed and the gun test fired. Then another inch or two is removed, the 
muzzle is properly deburred and crowned, and another series of test shots 
and chronograph readings are taken. 

For the most part, the testing confirms what the industry has known 
for years. The shorter barrels produce less velocity. Interestingly, in most 
calibers the drop in velocity and accuracy is small enough io be of little 
concern for hunting at normal range. Hunters that seldom shoot over 100 or 
150 yards will be about as well off with a 20 or 22-inch barrel as a 24 or 26 
inch. The loss in velocity will, in most cases, be small, There will be an 
increase in muzzle blast because the muzzle is closer to the shooter's face, 
but as with the velocity loss, it will be small. 

For example: testing by Springfield Armory with .30-06 cal. 
produced 2,710 f.p.s. with a 24" barrel: 2,775 £ p.s. with a 28" barrel: 2,830 
fp.s. with a 30" barrel: and 2,848 with a 32" barrel. 

If rifle barrels in calibers of .30-'06 and larger are shorter than 22" 
tà 24". the muzzle blast can be disturbing. From a ballistic point of velocity 
and energy, the shorter barrel may be satisfactory. It will be fast handling 
and light to carry. From a practical point of view, a rifle that has to be carried 
over any distance may as well have a short barrel. The shorter barrel will 
probably have only about a 25 f.p.s. drop in muzzle velocity for each inch 
less barrel. Of course, as with all general rules, it will be just an estimate or 
approximation. As always, a compromise is required for the performance 
area the shooter believes is most important, 

Note: A 2" difference in barrel length may have little effect with a 
rifle or a shotgun, but with a handgun the difference between a 2" and a4" 
barrel can be dramatic. (See Chapter 22 on handguns.) 

Originally, in black powder days, long barrels were used for three 
reasons. (1) They were helpful in burning the powder. (2) The long distance 
between open sights was helpful in aiming, (3) It was safer for using 
bayonets because it kept the opponent farther away. (If the soldier was both 
good and lucky.) 
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Another section of this book discussed barrel whip, flex, warp and 
the movement and stress created by the hot expanding gas and projectile 
movement, (Chapter 5.) Technically, this physical motion will be less in a 
shorter barrel than a longer barrel, all other things being equal. Once again, 
the amount of reduction will be small. 

The maximum velocity for any given barrel length will vary with 
the powder, bullet, cartridge type, manufacturer, and other details. 

As long as the barrel length does not exceed the optimum length, 
(which it seldom will in any cartridge except. a .22 RF) the bullet will 
continue to accelerate as long as it is in the barrel. After exiting the muzzle, 
the deceleration begins and the velocity starts to drop. The highest speed is at 
the muzzle, with the noted exception of an excessively long barrel. 
OCTAGON SHAPE 

Octagon barrels, besides their traditional attractive appearance, are 
generally stiffer than round barrels. While stiffness and accuracy are related, 
they do not always go together, In the mid 1800's, when barrels were made 
in large quantities by both hand as well as machine, the round barrels were 
more accurate because they were more likely to be machine made. In modern 
times, the accuracy depends on the quality of work, not the barrel's shape. 
But, that's the same reason round barrels were better in the 19th Century. 
MEASURING LENGTH 

A revolver's barrel length is the distance from the rear of the forcing 
cone to the muzzle. The cylinder length is not included. It can be measured 
with a rod from muzzle end to a shim placed in the gap between barrel and 
cylinder or directly with the cylinder out of the way. 

For rifles and shotguns, the chamber length is included. Notice the 
difference with revolvers where this is not included. The barrel length is 
from the muzzle to the back as far as a rod can be inserted with the action 
closed. Federal law limits barrel lengths on shotguns to a minimum of 18" 
and on rifles to a minimum of 16". Over all length of 263 " minimum, This 
may change as laws are being altered to abolish gun ownership. 

A shotgun barrel that is too short cannot be made legal by adding a 
choke device. À Cutts Compensator or Poly Choke, to name just two, will 
add length at the muzzle end, but it is not considered barrel length by the 
Federal laws. Many of these products work well, from a ballistic point of 
view, but they cannot change an illegal barrel into a legal barrel. 

If there is a problem over the legality of a barrel length, the actual 
measurement is used It is never acceptable to use a figure in an 
advertisement or from factory literature. After all, it could have been 
changed since leaving the factory. Caution: Police officers are human and 
can't be expected to know everything and some do not know the correct way 
to check barrel length. Primarily, that the chamber is included on a shotgun. 
If you disagree, be polite and cooperate. The proper answer will come out in 
due time. 
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Bullet | Charge |Powder[MV,f.p.s.|18120'|2224 
weight | weight to 


CALIBER in grain|in grain 6"28" 
‚17 Rem. 25+ 22:5 61) 54 
22 Hornet 45 11.5 | 22| 19 
222Rem. 50| 20.5 37|33 
223 Rem. 55 25 41|37 
22-250 55 35.5 | 56 |51 
243 Win. 100| 43.5 147 |42 
250 Sav. 100] 345 39|35 
25-06 120] 48.5 49 |44 
270 Win. 150 54 47 |41 
7x57 mm 145 47 37 |34 
7mmRemMag 150| 66.5 52 |47 
.30-30 Win. 170 32 24 |22 
-300 Sav. 150] 38.5 32 |28 
408 Win. 150 45 36 |32 
30-06 110 56 48 |43 
.30-'06 150 52 41 |37 
.30-'06 180 57 38 |35 · 
.30-'06 220 52 35 |22 
.300WinMag 180] 71.5 51 |45 
.338 WinMag 300] 64.5 15 31 
.35 Rem 200] 37.5 22 |20 
.375 H&H 300 78 | 7 |33 
-44 Mag. 240] 23.5 12 [11 
.444Marlin 240 47 3 рі 
45-70Gov't 405] 51.5 16 [14 
458 WinMag 510] 72.5 2 |19 


The last 5 columns list the difference in velocity in f.p.s. for each 2" 
change in barrel length with the barrel length and muzzle velocity 
established by equation. Barrels of intermediate lengths that are not listed 
can be estimated by interpolation between the lengths given. The effect of 
barrel length on velocity depends on bullet weight and powder charge. 

This chart is the work of William C. Davis, Jr. and was 
originally published in The American Rifleman, It is reprinted here with 
their kind permission. 
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LENGTH in CALIBERS 

The military occasionally list a barrel length in calibers. It is used 
very seldom and mostly for artillery and heavy cannon. It has a practical use 
in showing if a barrel length is suitable for a bore diameter. 

For example, a .30 caliber bore 224 inches long would be 73.3 
calibers in length. A 5-inch cannon with a 100-inch barrel would be 20 
calibers in length. 
EUROPEAN BARREL LENGTH 

European barrel lengths are given in centimeters. To convert 
centimeters to inches, multiply by 0.3937, 


Here are a few common lengths for readers who hate math. 
50 centimeters equal 19.7 inches 


55 " 21.7 

60 : jae Fe 
65 2 = o 4&5 Ж ЫЫ 
68 " " 268 " 
70 : *" ra ct 
71 5 Yee S 
75 * to MN n 
76 T NEC ^ ЫШЫ 


All lengths are described in the 17.5, as the next larger (longer) 
number in inches. For example, both the 70 cm. and 71 cm. would be called 
28 inch. 

DIAMETER AND SHAPE 

For safety, the barrel diameter at the breech end should be at least 
71 times the diameter of the cartridge case. For example, the .308 
Winchester and the .30-06 have a case diameter of 470 times 2.333 equals 
1.096 or rounded off to 1.1 inch. 

Barrels can be straight, as with most heavy bull barrels, or tapered 
with the taper beginning at any point in the first half after the chamber. 
There can be a stecp taper in the first part and a smaller taper in the last 
section or a tapered first part and a straight final section, or about amy 
combination on the list. 

WEIGHT | 

The barrel is the heaviest part of most big caliber rifles and careful 
planning should be performed when building a custom job. The action can 
be easily weighed, probably around 23 to 3 Ibs. Normal stocks will weigh 
between 13 and 21 Ibs. and special target stocks can go up to 3$ Ibs. Scopes 
can vary from 53 to 16 ounces and in a rare case, to 24 ounces. A good 
average scope weight would be around 10 or 11 ounces. Total everything up 
and if your custom rifle needs to be kept below, say, 83 pounds, ће barrel 
will become very important for weight as well as accuracy. 


123 


BORE LAPPING 

Within practical limits, the bore should be as smooth as possible. 
This enables the projectile to achieve maximum velocity and improved 
accuracy, Reduction of friction and the removal of rough spots that can 
damage a bullet and reduce its stability, are just two of the advantages. Most 
manufactunng processes leave tool marks, with the possible exception of 
precision grinding from an extra fine wheel, and lapping. 

The normal method is to use a lead plug coated with a very fine 
abrasive compound fastened to a rod. This is moved in and out of the bore. 

Another method is called pressure lapping or fire lapping: This 
involves firing lead bullets coated with lapping compound through the 
barrel. Light loads are used, so it is important to check the bore after each 
shot to be certain that the last bullet made it out of the muzzle. If the carlicr 
bullet is lodged in the bore when the next round is fired, smoothing the bore 
will be the least of your problems. 10 shots are normal for this operation. 
Don't overdo it and enlarge the diameter. Shops furnishing gunsmith 
supplies usually stock kits for pressure lapping. 

In both examples, only very fine lapping compound should be used, 
400 рти and #600 gril are satisfactory, although finishing with #800) or 
#1,200 is better. The higher the number, the finer the grit and the smoother 
the finish. Start with the lower numbers and work progressively upward to 
the finest grit you have available. Gunsmith's supply stores handle lapping 
compound. Industrial supply and auto paris stores also sell lapping 
compound, but their petroleum-based compounds can be extremely dirty and 
hard to clean up, although the quality is excellent. 

The “how to” on barrel lapping has more to do with gunsmith work 
than ballistics, so по more details will be given here. Some books on 
gunsmith work devote entire chapters to this subject and others hardly 
maron it IM Modern Gunsmith, by James V. Howe, is an older book and 

t to locate, but volume 2 discusses bore hand ing і 
complete detail. чул 
BARREL LIFE-DURATION 

Barrel wear is first noticeable in the area immediately in front of the 
chamber. As we look farther down the bore, the grooves will be roughened. 
Even when the wear is quickly noticeable, the accuracy may still be as good 
as сусг. As wear continues, there will be a velocity loss from gas escaping 
between the bullet and the bore. Extreme wear will cause yaw and poor 
stability, 

| Bore wear can be visually obvious, but target dispersion is another 
noticeable giveaway. If you observe that а well-used barrel will not group as 
close as it did in the past, and evervthing else is unchanged, check for bore 
wear Instruments that check the bore itself can measure ihe wear Any 
competent gunsmith can make the inspection for a gun owner, 


124 


Some riflemen believe that boat-tail bullets cause cxcessive barrel 
wear, Tests by the Finnish State Canridge Factory indicate this is not true. 
Later, tests conducted by the U.S. Army, backed-up the earlier study. There 
is no evidence to show excessive wear by the use of boat-tail bullets. The 
idea was probably started with the theory that the hot gas was more likely to 
go past the bullet or at least into the boat-tail area. 

CONCENTRIC BORE 

Some barrels have a unique problem where the barrel appears 
straight on the outside bui the bore is crooked. As these barrels heat up, the 
impact point changes and a good group is impossible. It is usually caused by 
errors during manufacturing. If the outside of the barrel was turned after the 
bore, with a lathe center in the muzzle end, that end would appear 
concentric. (Inside and outside diameters on the same center with equal wall 
thickness around the circumference.) The outside would be straight even if 
the bore was not straight. A too heavy machine cut in turning, too much heat 
during machining from a lack of coolant or dull tool or à heavy cut, no 
follower rest, or rest adjusted incorrectly, improper straightening, these are 
among the possible reasons. It is sometimes seen when a barrel is cut apart. 
The opening exposes a place where the bore is noticeably not centered 
properly. 

HEAVY BARRELS 

Heavy barrels, called bull barrels, whip and bend less than lighter 
barrels and the variation between shots will be less. (Refer to Chapter 3.) 
This can be caused by internal heat. The impact point can differ between a 
hot and a cold barrel. The heavier barrel is affected less because the greater 
surface area transfers more heat to the atmosphere and more is absorbed by 

The heavy barrel may help some people shoot well because it will 
be influenced less by wind and recoil. All of these advantages of a heavy 
barrel, even when added together, can be small. For a long field hunt where 
the gun is carried by hand, it may not be worth the additional effort. If that 
sounds familiar, it is a similar situation with barrel length. 

CHOKE 

Choke in rifle barrels? Yes. It is rare and unusual, but not new. A 
book, The Improved American Rifle, by John Chapman, discussed it in 1848. 
He called it "freeing" and later, by the 1880's, it was called “choking.” This 
was about the same time shotguns started to have a choke and the same word 
was used for both. The difference was in the amount and the purpose. A full 
choke shotgun can be restricted as much as .040 inch. For rifles, the idea first 
started in muzzle loading times when the bullet had to be put in from the 
muzzle end, and only .001" or .002" was typical. 

The barrels were finished by a lapping process, which left it a 
uniform diameter from end to end as well as very smooth. The final lapping 
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was done with a stop positioned so that the last 12" was left a smaller 
diameter with another 15" taper to the main bore diameter. 

Today, some muzzle-loaders still believe that a choked rifle barrel 
is more accurate, They require skill and time to make, and are therefore 
expensive and rare. à 
BLUING 

Occasionally it is said that bluing a barrel will affect its accuracy. 
There is no logical basis for this opinion, If you have a barrel blued and the 
accuracy is nol as good as И was, the reason will be somewhere else, 
Something was damaged or changed during the process. None of the proper 
bluing methods use a temperature high enough to warp, distort, or change a 
barrels molecular structure. Notice the term proper method. It is possible that 
someone may use a hot bath method at too high a temperature, but not very 
likely, Also, bluing does not add a thickness or plating as does hard chrome. 
lf by some method it did add something to the bore, it would not be tough 
enough to survive over a few shots, 

MORE ON LENGTH V5. VELOCITY 

This chart is a fine way to demonstrate the effect and advantages of 
barrel length. It is a comparison of the same cartridges used in both a short 
barreled rifle (a carbine with an 18" barrel) and a revolver with a 4" barrel. 


Muzzle Velocity Muzzle Energy 50 yard Velocity 50 yard Energy 


185 47 18" 4" ТШ, 18° 4" 
1750 1235 1075 535 1520 1104 810 428 
2140 14580 1270 583 1750 1240 850 427 


The first line is with а 158-grain Jacketed Hollow Point. The second 
line is а 125-grain Jacketed Hollow Point. We thank the Federal Cartridge 
Corp. for this data. | 


кте eee 
Standard guidelines on approximate velocity changes for each 1" change in 
barrel length. Based on a 20" to 26" barrel. 


Muzzle velocity upto 2,000 fp.s......... change expected, about 5р. 
m [1 Ш н 


2,001 - 2,500 Eps... a 10 f.p.s. 
, Ў 2,501 - 3,000 £ p.s........... " Ы " fps 
y j 3,00] - 3,500 f. p.s........... " ш " 30 f. p.s. 
a - 3,501 = 4,000 Fp. 1" " "  40fps. 


The word used above, approximate, is important, This is a gencral 
guide based on a variety of firearms and calibers all averaged together. 
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CHAPTER 12 
RIFLING-TWIST 


HISTORY 

Rifling is the helix grooves inside the bore of a handgun or rifle. (It 
is usually called a spiral, although technically speaking, that is incorrect. A 
spiral has a constantly increasing or decreasing radius in a single plane.) 
Although not common, rifling is also found in shotguns made for slugs. 

The grooves began so long ago that the exact date, location, and 
inventor are unknown. An Italian Arms inventory of 1476 refers to "one iron 
handgun made with spiral rifling." Some people question the translation so it 
is not confirmed A rifle that was reported to be made for the ruler 
Maximilian | between 1493 and 1508 appears to have helix rifling but it is so 
corroded and worn it is hard to determine if the grooves are straight or 
curved. Some historians believe Gaspard Kollner of Vienna invented rifling 
in 1498, Others establish it later at between 1500 and 1520 by August Kotter 
of Nuremberg. И definitely was in use by 1544 because the National 
Museum of Zurich, Switzerland has rifled firearms from the Zurich Arsenal 
with the inventory list dated 1544. It was common enough that by 1563, 
shooting competitors in Bern, Switzerland were complaining. They said it 
was unfair to use rifled barrels against their smooth bores. 

PROPER TWIST 

The amount of twist is more important to accuracy than 15 generally 
known, A perfect example is the experience of G. David Tubb, the 
gentleman who earned his sixth N.R. A. High Power Rifle Championship in 
1993, His 243 Winchester rifle would not shoot with consistent accuracy 
using a barrel with an 82" twist. Reportedly, a change to an 8" twist stopped 
the lyers and improved the accuracy. Just a 3" change in twist can make a 
difference, for better or worse. 

A good quality barrel and a good quality bullet can do wonders with 
the proper twist. The problem is, few people agree on what is the proper 
twist. Some people want an over stabilized bullet from a fast twist. They 
claim best accuracy at all ranges. Other shooters believe a fast twist builds 
pressure and heat and they want a slow twist for minimum stability, and they 
have claims to back their theory. The modern thinking is that while there is 
an ideal twist for each caliber, bullet, and barrel length, if in doubt, lean 
toward the fast side. 

For hunting and all-around guns where a variety of bullet weights 
and lengths will be used, the twist should be chosen for the biggest and 
heaviest bullet. For bench-rest and target work, the twist should precisely 
match the bullet. 
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Before getting into а long and technical discussion of twist, il is 
important to remember something. A satisfactory knowledge of twist 
depends on а basic understanding of gyroscopic stability, spin drift and the 
related subjects. ЇЇ you have just picked up this book, you may want to read 
the two chapters that cover these subjects. (Chapters 4 e 9.) 

GROOVES AND LANDS 

The area without the grooves, with the smaller inside diameter, is 
called the lands. The groove may twist or rotate to either the left or the right 
similar to à bolt. Most U.S. makers use a right twist. An exception is the Colt 
revolver, which has a left twist. Normally, the barrel will be threaded to fit 
the action with the same direction of twist. The torque of the bullet spinning 
through the grooves tightens or holds the barrel in place. The opposite 
arrangement will hold if the work is done with great precision. The Enfield 
Model 1917 is an example. It had 5 grooves with a 1: 10 left twist 

If the grooves progress in a clockwise direction, the twist is called 
right-hand. A counter clockwise progression is labeled left-hand. 

The twist is expressed as slow if the barrel length needed to 
complete onc turn is long. The twist is called fast if the barrel length needed 
to complete one turn is short. 

Hf the nfling grooves make one complete tum in 10" of barrel 
length, it is called a ten-inch twist and written as 1:10. The barrel may be any 
length, 2", or 30", it would still be a 10" twist. For example, a Winchester 
Model 94 in .30-30 caliber has a twist of 1 turn in 12" with a normal barrel 
length of 20". The bullet will make 15 turns between chamber and muzzle. If 
the barrel was shortened or a longer barrel was added with the same twist, 
the number of turns to the muzzle would change, but it would still be a 12" 
twist 

The twist can also be given as the angle between the grooves and 
the bore. With its helical nature, like a bolt thread, it is correctly called a 
helix and the angle a helix angle. To convert from a twist to an angle or from 
an angle to a twist requires more difficult mathematics than most that is in 
this book. But it really is not as rough as it sounds, especially if the reader 
has a scientific calculator. If not, you will need a book of natural 
trigonometric functions. From any angle, по pun intended, the calculator is 
the easy way, 
+ From inches per tum to helix angle: 

А = агсѓап {3,14 * B/ T) 

Where: А = angle in degrees 

В = bore in inches 

T = twist in inches per turn 

Arctan — arctangent, which is a trigonometric function in reverse. It is the 

angle whose tangent is known. Check the directions on your scientific 
calculator, Many will require the use of only the INV and TAN keys on the 
number in the display. 
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+ From helix angle to inches per tum. 
Т = 3.14 ^ B/ TAN А 
Where: 8 = bore in inches 
T= twist in inches per tum 
ТАМ = Tangent: a tngonometric function. After the angle A is in the 
display, most scientific calculators require only the press of the TAN key. 
Check the directions for your calculator because it may operate differently. 

Twist can also be given in number of calibers per tum. While not 
used very often, this method is handy for a fecling of proportion, Example: 
One turn in 12 inches in a .30 caliber would be the bullet diameter of .308 
divided into the 12 and that equals 38.96 calibers, 

BORE DIAMETER 

The subject of bore diameter in a rifled barrel can be confusing. It 15 
complicated by some printed material that is either wrong or worded so 
poorly that it is hard to understand. It is further complicated by many 
commercial cartridges that are named by one method while others are named 
differently; i.e. there is no consistency. 

Generally and correctly, the caliber is the bore of the rifle or 
handgun barrel measured from land to land. The land is the part of the 
barrel left between the groves. In other words, the bore diameter is before the 
grooves are cut in the barrel. After the grooves are cut, this larger diameter is 
the bullet’s diameter, normally. Exceptions exist and that is the problem. 
(See tap sketch on page 133.) 

The basis is historical and stems from the days when bores were 
smooth, Rifling was added and the bullets were made bigger to fit the 
opening. 

In the U.S. and England, the diameters are given in decimals of an 
inch. On the European Continent, it is measured in millimeters (mm). 

The bore and grooves must be completely sealed by the bullet so 
the pressure from the gas cannot escape until the bullet leaves the muzzle. 
Lead bullets are usually slightly oversized and forced into the grooves. 

Military arms designate caliber by bore diameter but the bullets are 
bigger to fill the grooves. Some commercial names are just that, names. The 
caliber or size may be different than expected. Some are named to bore 
diameter and some to groove diameter. Caliber is sometimes given for bullet 
diameter. In other words, while there is a standard to follow, much is not as 
expected. 

For example, the bullet is normally slightly larger than the caliber. 
Mast .30 cal. bullets are .308 diameter, yet the .38 Special uses bullets with a 
diameter of .357 to .359. Therefore the .38 is not really a .38. The correct 
caliber would be the bore diameter: a number slightly smaller than 357, The 
357 magnum is based on bullet diameter and it is the same diameter as the 
38 special but it is about a tenth of an inch longer, Incidentally, the term 
magnum was started in Britain. 
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NUMBER OF GROOVES 

For most of the early history of rifling barrels, no standard was 
established and makers used, normally, six, seven, or eight grooves. Harper's 
Ferry settled оп 7 grooves in 1803 and other companies followed suit. It was 
believed that the hollow based bullets in use at that time would be more 
accurate if a land forced the bullet into an opposite groove. In other words ап 
odd number such as seven. In 1852, a British report said their experiments 
showed 3 grooves to be far superior to 4 grooves. The U.S. military used odd 
number rifling (except for a few special 6-groove target barrels) until the 4 
groove Krag in 1892, 

2 GROOVE 

spnngfield 1903 АЗ rifles were made in 2 grooves, 4 grooves, and 
é-groove rifling. 4 grooves were standard. There has been some controversy 
about whether higher pressures will develop in the 2 groove barrels. The 
well known hunter and gun writer, Elmer Keith, said that he fired hundreds 
of both 2 and 4 grooved barrels at Ogden Arsenal and could detect no 
difference in pressure. As he said, it would take an accurate pressure gun to 
lest for a disparity, Also, some people have complained of bullet distortion 
from 2 groove barrels. 

Technically, there would be a pressure increase, but it would be a 
very slight amount. The Springfield 2 groove barrels were usually broached 
and not as smooth or às accurate as a 4-groove barrel, (A broach is a cutting 
tool consisting of a bar with a series of cutting edges, which increase in size 
so each succeeding tooth removes more metal. In rifling, sometimes one 
tooth is used per groove and adjusted larger with each pass.) 

Remington made thousands of barrels with 2 grooves to speed 
production during W.W. IL They were the same as the 4 groove in 
dimension and shape, less 2 grooves, The lands cover £ of the bore and work 
well with cast bullets that have a groove body size and the rest bare size. 

4 GROOVE 

4 broad grooves and lands that are only 4-as wide and use 1 of the 
circumference are used on M1903, MI Garand, and M14 barrels. With the 
lands only covering 1 af the bore circumference, they are too narrow to serve 
as а pilot for anything riding on them such as а cast bullet nose. For good 
performance, the bullets must have groove sized bodies of favorable length. 
5 GROOVE 

. Тых was originally British in origin and used on the 1917 Enfield, 
British 30-06 sporters, and .303 Lee-Enfield, etc; The most noticeable 
characteristic is the equal width of the lands and grooves, Each occupies one 
half of the bore. Cast bullets should be the same as used in 2-groowe rifling. 

Used in handguns with Iver Johnson revolvers and some Smith & 
Wesson handguns, 
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6 GROOVE 

Common among commercial sporting and target rifles. As with the 
4 groove Government Springfield, the lands cover only } of the bore 
circumference. For best performance, cast bullets should be groove diameter 
as in 4 groove barrels and long bodies of al least 2 calibers. 

Handgun use is common on a large variety of guns including Colt, 
Harrington & Richardson and some Smith & Wessons. 

7 GROOVES 

Used in handguns on some .37 and 380 semi-automatics. 
8 GROOVES 

Some target barrels use 8-groove rifling and it is common enough to 
be considered conventional, Lands normally cover about } of the bore. 
Results are excellent with proper bullets and loads. Cast bullets, for best 
performance, should be of a similar type as for 6 groove barrels. 
MULTI-GROOVE 12-16-22-24 

Marlin Firearms Company has been the leader in multi-groove 
rifling since it was adapted in 1953. As with some other amounts of grooves, 
the lands occupy only approximately 1 of the bore circumference. Marlin 
uses a bore diameter a little larger than nonmal. A .30 caliber barrel will 
nonnally have a bore of 300" to 301". The earlier 16 groove Marlin Micro- 
Groove barrels were about 305" to 306" The newer 12-groove barrels are 
about ,302" to 303", The grooves themselves are .308" to 3085", as they 
have to be to fit the bullet. 

Marlin uses 22 grooves for the 22 Magnum The increase in the 
number of grooves is to provide the same grip or firm hold as a barrel with 
deeper grooves, Cast lead bullets can strip if the lead is soft or they are 
pushed to a high velocity, Lead works fine if used properly. 

The factory claimis their Micro-Groove rifling prevents gas 
leakage, which reduces muzzle velocity and the muzzle flip, which destroys 
accuracy. They say deep grooves may distort and unbalance the bullet. There 
is evidence to show they are correct in their opinion, although some shooters 
claim the barrels provide less guidance to the bullet. 

GROOVE DEPTH 

Modern groove depth is normally in the area of .004 to .006 inch. 
Deep groove rifling is not produced taday and when it is found, it is almost 
always on genuine old guns, The shallow grooves can be found in both old 
guns and reproductions. They are preferable because the bullet will not fill 
deep grooves and seal in the pressure. If it did seat in the deep grooves, it 
would use a lot of pressure (energy) to accelerate the bullet at a loss in 
velocity and an increase in pressure and temperature. 

ANTIQUE RIFLING 

Several types of rifling are found in old Kentucky type muzzle- 

loaders and other firearms of the period. (1) Deep wide grooves with narrow 
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lands usually are the best, Groove depth of .006 to .010 inch and land width 
from 1 groove width to full groove width. (2) Followed in order of efficiency 
by shallow wide grooves and narrow lands. Groove depth of .005 or less. (3) 
Then next in ability, deep narrow grooves with wide lands, with groove 
depth running .010 to 015 deep. (4) Finally, narrow shallow grooves. Some 
had shallow grooves that were cut straight with no helix. While these guns 
were occasionally more accurate than the smooth bore guns, they were 
normally not better because the grooves did not impart a spin. 

A normal twist for early rifled barrels for patched round balls was 
one turn in 66 inches. When conical bullets became popular, (see Chapter 16 
om bullets.) a faster twist rate of about 48 inches was required. Conical 
bullets, if the caliber is the same, are naturally longer and heavier. 
UNUSUAL TYPES OF RIFLING 

Rifling comes in many forms. Today, as well as in the past, 
manufactures have different ideas on what is best. 

Danish Rasmussen and British Metford are types of rifling which 
have rounded grooves. It was claimed to have less fouling than normal 
grooves. Some Krag rifles can be found with 6 groove Rasmussen rifling. 

The Ballard rifle, which was popular as a long-range gun in black 
powder days, used rifling that was similar to Marlin's shallow grooves of 
today. Most rifling is about .004" deep and the Ballard's was from .002" to 
0025". It was wide and shallow and there were usually 6 grooves with the 
land and grooves of the same width. 

Mannlicher grooves are wider at the lands, Mannlicher claims this 
method helps to stop fouling in the grooves and requires less pressure to spin 
the bullet. This leaves more pressure for acceleration. These barrels have a 
worn-down look even when in good condition, 

A Metford type of rifling was used in the Japanese Model 99 rifle. 
In 7.7 mm, it had grooves .006" deep and a right twist of 1 turn in 9.5". 

Oval rifling was used for a time in both the U.S. and Europe. One 
type was known as the Lancaster oval bore. The oval Spiraled down the 
barrel and gave а spin to the projectile. lis lack of success should be obvious, 
The bullet had to be literally squeezed down the bore. 

Parabolic rifling was tried for a short time in the 1920's. It was 
unusual in shape and design and was difficult to manufacture. It is found in 
some Newton-Pope rifles of about 1919-1920. It consists of a groove of 
normal depth with a round bottom on the driving side of the land. The other 
side tapers out to zero. The rifling cutter is made in the shape of a parabolic 
curve, hence its name. It was noted for extreme accuracy, but required 
extensive skill in the manufacturing process. Of course, the accuracy attained 
may have been due more to the skill used to produce the barrel than to the 
design itself. 
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NORMAL RIFLING GROOVES 
B is the BORE DIAMETER 
G is the GROOVE DIAMETER 
L is the LAND LOCATION 


DEEP GROOVE STYLE PARABOLIC 


OVAL - X is .010 to MANNLICHER 
.012 bigger than Ү. (cut away view) 


> ALL SKETCHES EXAGGERATED FOR CLARITY € 


A SAMPLING OF FACTORY SPECIFICATIONS 

+ Smith & Wesson M & P revolver — Caliber .38 Special — 5 
grooves, right twist -- Bore Diameter 346 to 3472 -- Groove Diameter 
3555 10,3572 -- Land width .1034 -- Groove width .114 

e 1903 АЗ Bolt action rifle -- Caliber .30-'06 -- 2 grooves, right twist 
== Bore diameter .2995 to .3015 -- Groove diameter 3075 to .3095 -- Land 
width ma. -- Groove width , 1767 

* Winchester Model 52 bolt action rifle -- Caliber .22 Long Rifle -- 6 
grooves, right twist -- Bore diameter .217 — Groove diameter 2223 to .2229 
-- Land width n.a. -- Groove width (085 

* Colt Government Model 1911 Semi-auto pistol -- Caliber 45 ACP - 
- 6 grooves, left twist -- Bore diameter 442 to 444 — Groove diameter 449 
io .451 -- Land width .069 to 073 -- Groove width ,156 to 160 

PRESSURE AND TWIST 

Pressure is covered in detail earlier in this book. (Chapter 5.) Here, 
we should mention that twist has an influence on pressure, Of course, testing 
to determine the effects of twist variations on pressure is difficult because all 
of the other items influencing pressure must be controlled. 

Testing was conducted by one manufacturer under very strict 
guidelines. Without going into details of the test and moving to the result, 
they found that thc velocity difference between a fast twist and a slow twist, 
ali other things equal, was only 1*4. The pressure difference was about 194. 
This is so small that ammo tests using the same barrel will usually have more 
variation because of differences in the ammo itself. The conclusion was that 
moderate changes in twist create such a small change in pressure they can be 
ignored, 

GAIN TWIST 

Gain twist is where the rifling twist gains or increases in twist as il 
moves down the bore. Put another way, it changes and magnifies, The 
chamber end may start the twist at, for example, almost Straight or a slow 
twist like 1-30. It will increase to the proper required twist of say 1-14. The 
projectile starts into the rifling with only a slight rotation and is up to full 
revolutions per second at the muzzle, The basic theory is sound and it works 
good, but is seldom used. While soft lead can hit normal rifling so fast that it 
strips instead of revolves, jacketed bullets do not have this problem. It is also 
more difficult and costly to produce, The idea is not new. Some of the best 
and most expensive barrels in the 1800's had a gain twist. 

Harry М. Pope (1861-1950), a famous New Jersey maker of top 
quality barrels, used gain twist in some barrels. It can be very efficient in 
some cases, For example, for bullets with short bearing surfaces or that are 
made of lead. The gain twist places less torque strain on the bullet and vet it 
can leave the muzzle at the full desired spin. Long bullets will net perform 
well in a gain twist because they cannot adapt to the change without 
slippage, which is just the problem that it is supposed to correct. This can be 
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solved in bullets with a long bearing surface by the addition of one or two 
narrow circular grooves in that area. If, at this point, you are wondering why 
this would even be wanted, recover an undamaged bullet fired from a 
modem revolver, Notice how it may have slipped as и started into the rifling, 
DECREASING DEPTH GROOVES 

For a short period of 11 years, the U.S. military used rifling that had 
shallower grooves at the muzzle end than at the breech, It was thought to 
improve accuracy and was based on studies conducted by the French. 

Springfield Armory, in 1855, declared that, "The grooves of all 
small arms be three in number, equal to the lands in width, and rounded in 
shape; that the twist be a uniform spiral, one tum in six feet for the long 
musket barrels: and that the depths of all grooves be cul; uniformly 
decreasing, commencing in the musket at the breech with, 015 inch, and 
ending at the muzzle with .005 inch and in the pistol, at the breech with .008 
inch, and ending at the muzzle with .005 inch, or in other words, that the 
slope of the grooves of all small arms shall be the same, commencing at the 
muzzle with .005 inch in depth." Jefferson Davis, Secretary of War approved 
this on July 5, 1855. That rifling method was dropped and replaced by the 
modern system of uniform grooves with the Model 1866 breech-loading 
musket. 

RARE EXTREMES OF TWIST 

For extremes of fast and slow twist, according to the N.R.A. 
publication The American Rifleman of March 1976, we have the 6 mm Lee 
Navy (236 U.S.N.). Remington Arms Company barrels for this cartridge 
had a twist of one turn in 63" and Winchester barrels had a slightly slower 
twist of one turn in 71". 

An example of one of the slowest twist rates was in converted U.S. 
cal. 58 percussion muskets with a rate of onc turn in 68". In modem times, 
Winchester 50-95 W.C.F. barrels had a twist of one turn in 60". 
FREE-BORING 

Free-boring is also called jump, free travel, free run, and throating. 

Should the bullet be kept away from the rifling when in the 
chamber or is it acceptable for it to touch or even be pressed into the grooves 
before firing? Tests by many groups, including the U. S. Army, have found 
that if the bullet touches the rifling, the accuracy will be improved and the 
pressure and velocity higher. Of course, as with most technical things, it is 
not as simple as that. The changes will, in most cases, be from 276 to 1075 on 
pressure and only up to 1% om velocity. The accuracy, as stated, may 
improve. 

On the other hand, free-boring is the practice of boring the barrel 
ahead of the chamber and bullet up to 22 inches. It is usually done to cut out 
worn or damaged places. Some cartridges and powders permit the ignition to 
push out some of the powder with the bullet. This causes combustion 
erosion. The burning powder damages the starting (lead) section of the 


135 


rifling. It eventually causes damage from the washing effect of the high- 
pressure gas and intense heat. (This is not always as il appears. For more 
detail, sce internal ballistics earlier in this book.) If the lands are worn some 
at the area behind the chamber, it may even help so long as the bullets fit the 
bore correctly and seat down in the grooves. The lands, though, must guide 
and align the bullet and they cannot do this with any looseness. 

A few advocates believe free-boring helps the ballistics. The theory 
is based on the bullet caving the case straight and by overcoming its inertia, 
reaching a higher velocity before encountering the rifling. While that sounds 
good in theory, in practice it does not work very well. For one thing, it is 
much harder to have a snug fit in the free-bore area and any escaped gas is a 
loss in pressure and velocity. Other problems come when the bullet stama 
into the rifling instead of being pressed into it 

The frec-bore travel itself is not the only uncertainty, A problem 
arises from bullet deformation, which in tum causes unbalance, instability 
and yaw. A bullet that is pressed, albeit suddenly, into the rifling will pick up 
and follow the rotation with less shearing. A conservative twist can help in 
this regard. It is easier for the bullet to pick up and this also will help to hold 
down deformation and shearing, Of course there is not a major difference 
between twist angles, as the previous mathematics shows. Therefore, this can 
usually be disregarded in favor of the most effective twist, As with many 
areas of ballistics, gains in one area are pushed aside by gains in others: 

Most people will recommend free boring to cure a bad place in the 
bore if it is not too large. But don't expect it to improve performance beyond 
what it was before the damage occurred. Most likely, accuracy and barrel life 
will suffer in the process. 

For normal use, about 4 inch or 1 inch of free-bore is the maximum 
with the less the better, Generally, all calibers from .17 up to the big bores 
will perform well at a free travel of .020 down to zero. Not everyone agrees 
on the best space; but most experts lean toward the shorter the better. The 
only way to be certain about a particular weapon is to test fire it on the 
range. It also should be mentioned that the throat would wear. Over a period 
of time an increase in free travel will occur. 

The distance can be controlled by hand-loaders, but problems can 
surface. Adjusting the free run by tuning the bullets seating depth in the 
cartridge can be a self-defeating move, For example, deep seating will 
increase pressure due to increased loading density while the increased free 
run will lower pressure, The final result will depend on so many variables 
such as type of gun, condition, cartridge size, etc, that it is impossible to 
predict the outcome. Usually, though, if the gun already has a long free run, 
the change will be an increase in pressure instead of a stalemate. Of course. 
cartridges kept in magazines may be limited in useful length or suffer point 
damage during recoil. 
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It is strange that something as simple as this can be so controversial. 
The owner of a popular bullet manufacturing company has said that the 
bullet should always be kept back from the rifling and "given a running start 
at the rifling, and the longer this is, the easier it is to start the bullet down the 
barrel and the less the pressure." With the exception of the lower pressure, 
this opinion is generally and regularly considered wrong. 

To carry the subject one step longer, there is frequently an area of 
transition just forward of the chamber where it is tapered to the bore. Usually 
called a throat, it is occasionally called a forcing cone, although the latter is 
usually reserved for the forward part of a shotgun chamber. The throat can 
be beveled, tapered, counter-bored or rounded or a combination of two or 
three. This transition space is also called a lead or leade, with an e on the 
end. While no major dictionary gives the е ending as correct, common usage 
makes it proper. 

The free travel and therefore, the bullet seating depth, will change 
when a hand-loader changes bullets. Different bullets have various ogive 
shapes and lengths and fit the throat in assorted ways. Even in the same gun. 
Of course, we all know that not all guns are throated even close to the same. 
For hand loading, this can be checked by first being certain things are safe 
and the rifle cannot be fired. Remove the firing pin if it is the only way to 
be positive. Set the scating die so the bullets are seated long and adjust down 
until the bullet just touches the lands in the bore. The marks should show on 
the bullet. If a different bullet type or brand is used, the check should be 
done again. 

Some people incorrectly use lead, leade or throat for free-bore, but 
that is incorrect. Free-bore is the space that may or may not exist between 
the bullet (usually the ogive, but not always) and the leade or throat. Note 
that this is not intended to be overly critical, but this is a textbook and it is 
necessary to be precise. (Or at least make the attempt; from time to time we 
slip up.) 

For accuracy, the best technique seems to be a gradual taper of 
about 3° to 5° with the bullet just or almost touching the rifling. All 
diameters should be closely held to minimum size tolerance with all of them, 
including the bore and groove diameter, closely concentric. Even with the 
best lathe, proper pilot size, and perfect technique, concentricity is not as 
easy to hold dead on as it may seem, Top gun-shops do it regularly, 
Others.....? One problem with concentricity is that the eye cannot see errors 
and special skills and equipment are needed for inspection. 

For ordinary shooting, free-bore, throat and concentricity will make 
little difference, For utmost accuracy, everything should be perfect. No 
exceptions! 

MEASURING TWIST 

It is easy to measure the twist in the barrel of a handgun or rifle. All 

that is needed is a vise or clamp that is padded; a cleaning rod, a paich, and a 
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fine tip felt marker. 

Clamp the barrel or gun in a horizontal position. Don't forget to pad 
it against scratches and damage. Make extra sure the cleaning rod sections 
and tip cannot become loose or turn even the slightest amount. The patch 
should be a tight fit so it will track in the grooves. 

Start the patch and rod deep enough to have a good grip on the 
grooves. A half inch to an inch should be enough, especially on a handgun 
where there isn't much barrel length to work with. A rifle barrel should have 
length to spare. 

Place a vertical mark on the muzzle end and a matching mark 
extending down the top of the rod. Also make a cross mark on the rod at the 
muzzle. Cn a long barrel, push the rod into the barrel, permitting it to turn 
with the helix. Stop when the long mark down the rod's top is again lined up 
with the vertical mark on the muzzle, At this point make another cross mark 
on the rod. Remove the rod and measure the distance between the cross 
marks. This will be the distance for one complete turn. 

Handgun twist can be measured but will require one extra step. For 
example, a popular .45 semi-automatic has a 5" barrel length with a twist of 
| turn in 16". If we didn't know the twist, we couldn't go 16" to find the 
answer. Carefully, we would have to go perhaps a quarter turn and mark the 
rod. After measuring the distance, multiply the number by 4. If done 
carefully, the result will be accurate. 

MEASURING BORE & GROOVE DIAMETER 

The inside diameter on barrels with an odd number of grooves is 
harder to check because the lands and grooves are opposite each other. If just 
ап approximate size for cither the bore or groove depth is satisfactory, 
holding a micrometer or caliper at the muzzle and eve balling will do the job. 
For proper accuracy, time and effort are required. 

The bore diameter is determined first. If a machinist's ball gauge in 
the proper size is available, it can be adjusted so that it is a snug fit, then 
removed and checked with a micrometer. A ball gauge is circular and when 
expanded it will not go into the grooves to give a false reading. Another 
method is to use a lead bullet or lead slug and press it against the muzzle and 
tum it by hand. If care is used, a short area of the lead will take on the bore 
diameter and can then be measured. 

The rifling can be checked with a piece of soft lead that is slightly 
over the bore diameter. Hold the rifle in a padded vise. Mushroom one end to 
a little over groove diameter, lubricate it, and force it into the bore with a 
wooden dowel and mallet. Cut away any excess lead that is extruded away or 
it may lock the slug and prevent it from going in deeper. Caution: use wood 
and вой lead so no damage will be done to the Боге, If Steady pressure is 
applied, loose or tight areas can be discovered. Several Slugs may be 
required to get all the details because no slug should be pressed through 
iore than once. 
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Careful use of a micrometer or caliper will yield the dimensions. 
Measure the diameter of the lead piece over a groove to land section and 
subtract the bore diameter to obtain the land depth. Bore diameter plus 2 
groove depths will be the groove diameter. 

ROTATION SPEED AND MATHEMATICS 

This is a good place for some mathematics. Relax. This is easy. 
* Rotational speed is an important part of ballistics. 

Rs(2/T)*V 
Where: A= Revolutions per second of bullet, Note second, 

not minute. 

T = twist of rifling in inches (example 10" or 16") 

“= Muzzle velocity in feet per second. (f.p.s.) 

For example, a .22 long rifle with a muzzle velocity of 1,200 feet 
per second and a barrel twist of 16", the bullet rotation would be 900 
revolutions per second. Most people are more familiar with revolutions per 
minute (r.p.m.) so multiply the answer by 60 to obtain 54,000 revolutions per 
minute. 

A bullet moving at 3,000 feet per second from a 10" twist would 
rotate at 3,600 revolutions per second or 216,000 revolutions per minute. 
The high gyroscopic stability and centrifugal force are obvious. This also 
shows why a bullet can disintegrate if used at a velocity and rotational speed 
higher than what it was designed for. Rotational speed will decay, but it will 
not be enough to be of any concern. 

(The £p.s and r.p.s. can be darn confusing. In this case they are 

spelled out to avoid stupid mistakes like the errors in the older and shorter 
editions of this baok.) 
* Circumference: The spinning bullet's surface speed is the 
circumference of the bullet times the number of tums in the time involved. In 
most instances, the largest diameter would be used, but any part of the bullet 
could be calculated. 

Circumference = x * diameter 

Example .30 * 3.1415927 = ,942" + 12 = .0785 feet. 

* Surface speed. To find surface speed of bullet: 
S-C*R 

Where: 5 surface speed in feet per second, circular. 
C — circumference in feet 
R = revolutions per second. 

Another route to thé same answer: 

f=(R w*2* 7T)/12 
Where 5 surface speed in feet per sec., circular 

R= radius of bullet 

T = turns of bullet per sec. (revolutions) 
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* The spin is integral with the forward velocity. 
RS =\f у? + 5? 


Where: F= muzzle velocity in fps. 
5 = surface speed in ft. per sec. 
AS = resultant speed 

The spin is imperative for trajectory and accuracy but adds, on the 
average, only about 4/10 of | percent to the kinetic energy and therefore has 
almost no effect on tissue destruction and killing power. (This is covered in 
terminal ballistics, Chapters 24-25-26.) 
$ Energy of rotation (spin) 

Е= 1/2 Iw? 

Where: Æ = Rotation (spin) energy 

T = moment of Inertia about the bullet's axis 

w * angular velocity 
* Bullet kinetic energy: As explained in the internal ballistics 
section: kinetic energy = MI / 2 where M is mass and F is velocity. 

For bullets: Et = H^ / 450400 
Where; WF = weight of bullet in gr. 

F= velocity in feet per sec. 

Er translation energy in foot Ibs, 

This is frequently stated as muzzle energy, but that is not a fully 
true statement It does not take into account the small amount of energy 
required to rotate the bullet, 

Ф Energy to rotate the bullet. 

ER = 5/2 

ER = rotational energy in foot Tbs, 

1 = axial moment of inertia in slug feet *. 
5 * rotational speed in radians per sec. 

For /, the moment of inertia is generally in pr.-in.? (grain-inches 
squared). To convert to slug-feet * we should take 3.084 x 10* times the рт.- 
in.". 

For 5, know that à radian is a unit of measurement for angles used 
in calculus. Although confusing to people not familiar with its use. it is both 
natural and useful. Radian — 75.4 times the muzzle velocity divided by the 
rifling twist in inches per turn. 

That is a lot of mathematics and work to show and prove that 
the energy required in rotating the bullet is very small. Extremely small! 
If an example is worked out, it will fall in the general area, depending on 
cartridge, twist, etc., of between 1 % and 1% of the available energy. The 
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loss in velocity, compared to a barrel with straight rifling (no twist) would be 
even less. 
Ф For rotational kinetic energy, we can put this all together with: 

ER = ( 8.766 * 105 4 )/T. 

ER = rotational kinetic energy 

А = axial moment of inertia in grain inches squared 
= velocity in feet per sec. 
T= twist of rifling in inches per tum 

A variation for kinetic energy for bullets is to multiply bullet weigh, 
times velocity, times velocity, times 0000002221 for an answer in f.p.s. This 
is stated as E = W x LI? x 1000002221. (See Chapter 2, and exponential 
notation.) 

This formula for kinetic energy is basically the same as dividing by 
450,240, but multiplication is easier, particularly if a calculator is not handy. 
(Note that 450,400 is preferred as explained in Chapter 2. The difference is 
negligible.) 

For math fans among the readers, another formula is interesting. 

E-1/21o* 

E = spin energy in fl. pounds. 

1 = moment of inertia about the long axis. 

ш = angular velocity 
GREENHILL FORMULA FOR TWIST 

Professor (Sir) Alfred George Greenhill, M.A. (1847-1927) was à 
lecturer in mathematics at Emanuel College, Cambridge. England from 1873 
to 1876. For 30 years, from 1876 to 1906, he was a professor of mathematics 
to the advanced class of artillery officers at Woolrich Military Academy. He 
received a knighthood in 1908, He made original contributions to the 
mathematics of dynamics, hydrodynamics, and elasticity, and worked on 
problems in aeronautics and ballistics, It is the latter that concerns us here 
with his On the Rotation Required for the Stability of an Elongated 
Projectile, This is from Volumes 10 and 14 of the Royal Artillery Institution, 

The Greenhill formula is based on his rule, "The twist required in 
calibers equals 150 divided by the length of the bullet in calibers." Greenhill 
was aware that this application was limited because it applied to fairly blunt- 
nosed, jacketed lead bullets with a specific gravity of 10.9, Lead alone has a 
specific gravity of 11.35. The number is changed for other materials in the 
ratio of the square root of their densities. (This is explained shortly.) There is 
a big margin of stability involved, and the number 150 was well chosen, 
Most bullets will stabilize at less than 200. The formula will also work for 
jacketed, sharp point bullets. This considers a bullet length to diameter ratio 
in the formula and can be stated as: Twist = (150 * bullet-diameter) / 
bullet length to diameter ratio. (The ratio is the length divided by the 
diameter.) 
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This works well for velocities up to and in the vicinity of about 
1,800 fps, For higher velocities, most ballistic experts suggest substituting 
180 for the 150. This will give a 20% longer bullet length and a 
corresponding 20% slower twist. The rule does not account for nose shape, 
base shape, jacket, or jacket thickness, density of material, etc. These items 
can be included in computer programs for twist. 

The wonderful advantage of the Greenhill formula is that it is very 

simple, While it is not always dead accurate on some modem bullets, it will 
always give a useful approximation and in many examples it will be exact. It 
is very good for its age and simplicity. 
* To use, first divide the length of the bullet by its caliber in inches. 
For example а .30 caliber is 308 diameter, divide that into its lengih, say 
1.125 to obtain 3.65 calibers long. Divide the 3.65 imto 150 to obtain 41.09 
or one turn in 41.09 calibers. To change to inches, multiply the 41.09 by the 
diameter of the bullet (in inches) which in this case is 308. The answer is 
12.655 or 1 turn in 12 $ inches. (.625 = $") 

Al first it would seem that velocity is ignored in the formula, but 
that is wot the case. It is included in a hidden form in the spin segment. For 
explanation, let us use а barrel with a twist of 1 turn in 12 inches. If a bullet 
fired at 1,500 feet per second has a spin of 1,500 revolutions per second, 
then one fired at 3,000 feet per second would have a spin of 3,000 
revolutions per second. The faster velocity gives a faster spin; therefore 
velocity is involved in the formula even though it is not declared as such. 

Note that while this formula is old and an excellent starting point, it 
is not the definitive answer. Bullet shape and occasionally velocity need to 
bc considered. Bullet weight, most experts believe, is not of much 
importance in determining twist. Some opinions say that extreme long range 
may require a different twist, but most believe that range is unimportant. 

Some people believe that the Greenhill formula is still good at all 
velocities. They do not recommend a different twist unless past experience 
indicates it is acceptable for the cartridge and bullet in question. 

Another view is that faster than 2,200 f.p.s., a slightly slower twist 
is required, They also suggest at velocities over 3,200 f.p.s. to decrease the 
tums about one turn per inch for each 350 f. p.s. increase over 3,200 f p.s. For 
velocities over about 1,800 f p.s. many experts suggest substituting 180 for 
the 150 in the formula. This will give a 20% longer bullet length a 
corresponding 205 slower twist, 

Velocities over 3,200 fps. are not common, A lot of shooters, 
hand-loaders in particular, believe that a velocity of 3,000 f.p.s. is a special 
number that will promise great accuracy. Sorry, but in a general sense, it is 
not true. While there are very accurate cartridges above 3,000 f .p.S., there аге 
also excellent cartridges at both higher and lower velocities. 

Of course, it is understood that the Greenhill formula is designed 
for projectiles moving in air. In the rare event that someone wants to 
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calculate twist rates for a bullet moving in some other material, it can easily 
be worked out. To stabilize a bullet in another material, work the spin out as 
always for an air environment. Then multiply the answer by the square root 
of the number obtained by dividing the density of the new material by the 
density of air. A denser material would require a faster twist, For example, 
water would need about 30 times the twist necessary for air, 

CONCLUSION ON GREENHILL 

In analyzing the last opinions, we can safely say the formula is good 
for bullets up ta at least 2,000 f p.s. For higher velocities, add some research 
on similar cartridges and expect to use a slower twist. Also expect a slower 
twist above 3,200 fp.s., but the formula will be less satisfactory than at the 
lower velocities. Keep in mind that the modern theory is to go with a higher 
twist when in doubt, and that is what the old Greenhill formula does. All 
considered; it still works very well. 

SPECIFIC GRAVITY 

It is fairly easy to find the specific gravity of a particular bullet for 
the Greenhill formula or for any other reason. Hand-loaders may have 
balance scales, so hang the bullet by a thread from one side of the scale so 
that the weight can be read. Put a container of water in à position where the 
bullet hangs in the water and again find its weight. (It may be necessary to 
raise the scale up by placing it on a few books or other object.) Subtract the 
water weight from the dry weight. The specific gravity will be the result of 
dividing the weight of the dry bullet by the difference found in the 
subtraction. 

The Greenhill formula was based on a specific gravity of 10.9. The 
correct spin can be found for other specific gravities by dividing 10.9 by the 
new or adjusted specific gravity and finding the square root of that number, 
Then multiply it by the spin supplied by the original formula. 

NOTES ON THE .22 CAL. & COMPROMISE 

The best twist per inch will usually be a compromise. The .22 short 
performs best at about a 20" twist with its short 30-grain bullet. (Some years 
ago, 24" was used.) The .22 short can be surprisingly accurate if fired from a 
gun with the proper twist. With the wrong twist, it will do poorly, as will all 
other cartridges. 

The .22 long rifle cartridges with 40-grain bullets perform best at 
one turn in 16", The .22 long, if tried at a 10" twist, gives a larger group size 
and considerable flyers. At a 20" twist, it has little stability, wobbles, and 
hits the target in a position other than point first even if the static and 
dynamic balances are near perfect. Instead of a round hole it may be oblong, 
hence the term keyhole. 

The longer bullet requires more stability because it has more of a 
tendency to tumble in flight. Therefore, it requires more twist to obtain more 
spin. If several kinds of cartridges will be fired from the same gun, it is 
impossible for the twist to be correct for each, A compromise is required. 
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ROUND BALLS 

Muzzle-loaders can benefit from a rifled barrel, but there is no 
precise figure on what the twist should be. Without an elongated body and 
axis, there is no need to keep one рап pointed frontward. Nevertheless, а 
round ball can profit from a spin. A fast spin can intensify amy unbalance or 
stability problems, so a slow twist crealing a slow spin is usually sufficient. 
CANNON 

Large caliber projectiles, such as cannon shells, require less spin to 
stabilize than smaller bullets. The basics of gyroscopic stability dictate that 
the larger the radius of gyration, the more flywheel effect for greater 
stability. For example, a howitzer of 240 mm with a velocity of 2,300 fps. 
has rifling of 1 turn in 25 calibers. This gives about 6,960 revolutions per 
minute (116 revolutions per second) A l6-ich diameter shell with a 
velocity of 2,650 f.p.s. is fired from a barrel with a twist of 1 turn in 21 
calibers, The spin is almost half the previous example at 3,720 revolutions 
per minute (62 revolutions per second). Theoretically, the stability required 
and possessed would be about equal. 
CAST BULLETS 

Cast bullets have been known to strip through the rifling grooves, 
not damaging the bore but tearing off the outer layer of lead, This will 
become an unstabilized projectile that will not group well and may keyhole. 
With normal loads, lead has enough strength to withstand the stress involved 
in the forced entry and passage through rifling, It is usually caused by too 
heavy a powder charge and that, plus proper bullet alloys and lubricants, can 
control the problem. It is rare in a jacketed bullet. 
NOTES AND CONCLUSIONS 

For proper twist, we must consider, (1) The longer the bullet in 
proportion to its diameter (caliber) the more twist to stabilize iL. (2) A very 
long nose is good for drag reduction and aerodynamic efficiency but is 
harder to stabilize. (See note following) (3) Density of the bullet is also a 
actor. (4) A longer and heavier bullet can be stabilized at the same twist by 
increasing velocity. (5) The diameter of a bullet in proportion to its length is 
a factor to consider. (6) А slow bullet requires a faster twist 10 stabilize it. 
Ф If the rifling lands extend back to the chamber, less gas escapes and 
pressure is increased. This will permit a lower charge for the same velocity. 
* The main reason that a long pointed bullet is harder to stabilize are 
the slight errors during manufacturing, It needs to be properly balanced, 
concentric, and symmetncal. The point will cut drag, sustain velocity better, 
and give a flatier trajectory, If the bullet is not perfectly made, problems 
show up with the center of gravity and other forces as discussed im a 
previous chapter. (See figure 3 in Chapter 8.) 
* A plain bullet, fairly short and flat at both ends, will work best with 
a slower twist, A bullet with a very long point will need a faster twist. 
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Ф If two bullets start at the same velocity and spin, the heavy long 
bullet (strong sectional density) will hold its speed of rotation better than a 
lighter and shorter bullet. The momentum of the heavier bullet will also help 
it to maintain velocity, among other things. 

+ While not common, any barrel with a bad groove, which drags a 
piece of displaced metal into a fin, will have poor accuracy. If all grooves in 
a barrel leave fins at the base of the bullet, wayward stecrage can be caused 
if the projection is more pronounced in one area. (Which it certainly will be.) 
+ High velocity will stabilize a bullet with a slower twist than would 
be satisfactory for a lower velocity. 

+ The best rifling twist is governed by the bullet's length, not its 
weight. (The two are, of course, related ) 

Ф Barrel manufacturers have tolerances that are held in regard to 
twist. An ordinary barrel will be held to about one inch of required twist. If a 
16 twist is specified, it will be within 15 to 17. More expensive barrels from 
the custom makers are held to closer tolerances, such as 1/2 or even 1/4 turn. 
Dead accurate barrels can be made, but as in everything, precision work is 
expensive. 

+ A conservative twist will help the bullet pick-up and follow the 
rotation with less shearing. This will help to hold down deformation, which 
can create an unbalanced bullet with instability and yaw. 

+ Because of tumbling, some experts believe that when the M-16 
rifle barrel twist was changed from 14" to 12", the killing power was 
reduced. 

* Increasing the twist for a faster spin will not give a flatter 
trajectory. 

* It is not true that more twist should be used for long range stability. 
Changing barrels may help, but if it does, it is caused by factors other than 
twist. (Assuming it was correct to begin with.) 

* For many years, standard .30-06 rifles used a 10-inch twist, This 
works fine for bullets with a weight over 125 grains but is insufficient for 
lighter ones. The modern trend is to use 12 or 14 inches for better long range 
performance with any weight bullet 

* A good method to determine proper twist is to follow the practice of 
commercial and military firearms. 

* It is common for rechambered rifles not to shoot as expected. 
Frequently this is because if the rifling twist was correct for the earlier bullet 
and load it will not be correct for a new bullet. Most noticeable if the bullet 
weight is changed either up or down. 

* When switching to a heavier (longer) bullet, the rifling will 
frequently not be fast enough for the increased weight, if it was correct to 
begin with. Manufacturers occasionally put a notice on an ammunition box 
to use the cartridges in firearms with a specific twist. This has nothing to do 
with safety but may have a lot to do with accuracy. 
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+ Gyroscopic stability varies as the square of the rifling twist. This 
means that a very slight change in twist will have a disproportionately big 
result, Or to put it another way: Changing twist on your rifle? A small 
change will make a big difference. Perhaps more than desired. 

Ф A variation on the above: the stability varies as the square of the 
rotational speed, In other words, the stability of a projectile from a 14" 
twist is only half what it would be fired from a 10" twist, if the velocity is 
equal. 


EXAMPLES OF TWIST A5 USED BY MODERN MANUFACTURES 


Firearm Cartridge Rate of twist Direction & grooves 
RIFLES 

Winchester 94 ,30-30 Win. | in 12" nght hand 
Winchester 94 — ,375 Win. | in 12" right hand 
Winchester94 —.22 1 in 16" right hand 
Winchester 70 (222 Rem, 1ш 14" nght hand 
Winchester 70 — .243 Win. Lin 10" right hand 
Winchester 70 — .270 Win. ] in 10" nght hand 
Winchester 70 — .30-.06 1 in 10" right hand 
Winchester 70. 308 Win. l in 12" right hand 
Winchester 70 = .300 Win. Mag. lin 10" right hand 
Winchester 70. 375 НЕН Mag. I in 12" nght hand 
Winchester 70 — 7 mm Rem. Mag. lin 93" right hand 
Winchester 70 7 пип Mauser(7x57) ling?" right hand 
Winchester 70 — 458 Win. Mag. Lin 14" right hand 
HANDGUNS 

Ruger speed six .357 Mag&& 38 Sp 1 in 182" right hand 5 groove 
Ruger old army 4 blackpowder 1 in 16" right hand 6 groove 
Ruger semi-auto 22 L, В. lin 14" right hand 6 groove 
DanWesson rev] .357 Mag&.38 Sp 1 in 181" right hand 6 groove 
DanWesson revl 4lor.44 Mag Lin 133" right hand 8 groove 
DanWesson rev! .22 LR. 1 in 12" right hand 6 groove 
DanWesson revl .22 Mag, l in 16" right hand 6 groove 
1911-Al(Sprfld) 9 mm l in 16" left hand 4 groove 
1911-Al(Sprfld) 45 ACP па, right hand 6 groove 
Desert Eagle 357 Мар. Lin 14" п.а. 6 groove 
Desert Eagle 44 Mag. | in 18" n.a. 6 groove 
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CHAPTER 13 
VELOCITY AND DRAG 


Velocity and speed appear to be words that are synonymous. 
Velocity scems to be a fancy word for speed but actually they have slightly 
different meanings. Speed is a rate of movement. Velocity is a rate of 
movement in a particular direction in space. The word magnitude is also 
used in connection with speed and velocity and it is the measurable quantity 
as in magnitude of the velocity. It is used for the purpose of comparison with 
other quantities of the same category. Velocity changes with respect to time 
and may be constant or changing. Definition: velocity is distance with 
direction per unit time and may be uniform or varying. 

v— ds / dt s= уш 
Where v is velocity, f is time and s is distance. 

Acceleration is the rate at which velocity changes with respect to 
time. It may be uniform or varying and positive (acceleration) or negative 
(deceleration). 

Estimated velocity is just that. Estimated without an instrument. 
Experience is helpful in estimating cartridges with similar characteristics. If 
two cartridges have the same bullet weight and qualities and the velocity of 
one is known, then a good estimate can be made by shooting tests. Find the 
trajectory of the unknown and match it with a known trajectory. 

Of course, even the best estimate by a very experienced person is 
still just an approximation and should be used with that knowledge in mind. 
The best velocity figures, if used to compare cartridges, must consider bullet 
shape and weight, distance from muzzle and in many cases, gun type, and 
barrel length. 

Instrumental velocity is measured velocity whether measured by 
the old style pendulum or a modem chronograph. The actual distance from 
the muzzle is always an important consideration. The velocity of a bullet 
slows as it moves forward. it cannot and will not remain constant, so the 
distance is always an essential figure. For an example of how important 
distance is with regard to velocity, consider the very popular .30-30 
Winchester cartridge. The Winchester/Olin Corporation chart lists four 
different bullets that all have a muzzle velocity of 2,390 fps. At 200 yards 
the velocity has dropped to 1,684 fps and by 400 yards it is down to 1,177 
fps. This cartridge docs not hold velocity very well and some are much better 
just as some others are worse, but it clearly demonstrates how important 
distance is to any velocity figure. 

Remaining velocity is at any point in the trajectory. It may be 
measured or estimated. 
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Striking velocity, sometimes incorrectly called terminal velocity, is 
the speed at impact. 

Summit velocity is the velocity at the highest point in the 
trajectory 

Terminal velocity is frequently used as the term for the velocity at 
impact (striking velocity). It is easy to see how this habit started because 
гина! can mean епа or final, Terminal velocity has an exact and specific 
meaning, which 1s completely different, Terminal velocity is the greatest 
velocity that a body can acquire by falling freely through the air. The limit is 
reached when the increasing atmospheric pressure becomes equal tà the 
increase of the force of gravity. The falling object accelerates up to a certain 
speed, which will be different for each object and how it is positioned in 
relationship to the atmosphere, and then stabilizes and holds that speed. With 
bullets, normally only a bullet fired straight up and then on a free fall back to 
earth would be subjected to terminal velacity. (Covered elsewhere in this 
book.) 

Uniform motion is a constant velocity with no acceleration or 
deceleration. This 15 rare in ballistics, 

MEASURING VELOCITY 

There are several ways to accurately measure the velocity of a 
projectile. Here we will discuss three. The modern chronograph is a device 
that can be purchased at moderate cost and is the most practical of the three. 
It was only in more recent years that the cost and ease of owning such an 
instrument was within the means of the average person. As a matter of both 
curiosity and learning, first we will briefly discuss two much older methods. 
BALLISTIC PENDULUM 

This is the oldest known method for measuring the striking force of 
a projectile. The ballistic pendulum has a history that is hundreds of years 
old. Invented by "the father of ballistics", Benjamin Robbins (1707-1751) of 
Great Britain in 1742, it is simply a block of wood of a known weight 
hanging by a piece of chain, also of known weight. When a bullet (also of 
known weight) is fired into the block, it swings away like a pendulum. A 
scale measures the distance the block has moved. In actual use, it is not that 
simple, but that is the basic principle. Il measures kinetic energy instead of 
time 50 it cannot be called a chronograph. 

With the distance and the weights, calculations will determine the 
momentum or kinetic energy in foot-pounds. From this, the velocity can be 
calculated, By firing at the pendulum at different distances, the velocity al 
the different ranges can be figured. It is still used today to measure recoil. 
The pendulum musi be mounted from a strong frame and in an area 
protected from the wind. 

The construction must be done with care using numerous spread-out 
suspending wires to hold the pendulum. Both ends of the wires should be 
mounted with bearings to reduce friction. The normal pendulum weight can 
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be maintained during repeated use by having a container on the pendulum 
with bullets inside. For each bullet fired into the block, a bullet of equal 
weight is removed, A method must be used to catch and include any bullet 
fragments. A sliding marker is pushed rearward with the swing and will give 
the inches of recoil. It is easy, from cither experience or math, to mark the 
scale so it will read directly in velocity {f p.s}. Calculations usually included 
the pendulum weight plus 4 the weight of the wire supports. The bullets that 
are included for removal must be included in the total weight. 

The unit must be shielded from any moving air, and its framework 
must be heavy and rigid so that there is no movement that can influence the 
readings. The pendulum bob must be large and heavy. Usually, somewhere 
in the area of about 100 pounds is satisfactory. Some are solid wood, and 
others are made of pipe with a wooden face and sand filler for weight 
Others are of iron with a replaceable wooden face. Therefore, it is not 
feasible to build a small, compact, and portable ballistic pendulum. 

With a 100 pound pendulum weight and long suspending wires of 7 
to 10 feet, movement will range from about | to 2 inches with most handgun 
calibers, such as -38 Special and -45 ACP. Heavy rifle calibers may move it 
up to 14 or 15 inches. 

If it is constructed with great care and used properly, a ballistic 
pendulum can provide remarkable accuracy, 2 Percent is common and 1 
percent can be obtained, This is as good as can be expected with a modern 
electronic chronograph. This is extraordinary when we consider that it is old 
technology and that one can be constructed for a few dollars. 


SET FOR RECOIL 


BASIC BALLISTIC PENDULUM 
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BASIC PENDULUM for PROJECTILE VELOCITY 


BALLISTIC PENDULUM MATHEMATICS 

There are a number of formulas available for this subject; most are 
satisfactory and some easier than others are. These should do the job with the 
least amount of trouble, 

Referring to Newton's 3rd Law of Motion, we see that if a moving 
object strikes a stationary object, the momentum (mass * velocity) of the 
moving object before the strike is equal to the momentum of the stationary 
object after the strike. For an equation, we put the weight and velocity of one 
object on one side and the weight and velocity of the other conversely. 

wr = HU 
+ For example, if an &-Ib. block of wood were attached to a 2-Ib. 
swing, the total moveable weight would be 10 Ibs. If we fired a bullet at 
2,000 Ёр.в that weighed .01 pound into the block, it would move away at 2 
Г.р.5. (The Fis equal to 2.) 
UI * 2,000 = 10 F 

The swing and block, at 10 pounds, weigh 1,000 times more than 
the .O1 pound bullet so they are given a velocity of 1/1000 the bullet's 
velocity, This does not account for energy lost through friction, heat, etc. 

This formula is from the British Textbook of Small Arms of 1909. 
"The velocity of the recoiling parts when the angle of swing is small and 
when F = foot seconds of recoil, а = inches of recoil and n = swings lo and 
fro in one minute is as follows: 


= (21ли/ 12 * 60) * а= (ма / 114.7) FS, 
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The weight of the recoiling parts is the weight of the bob (H lbs.) 
plus the weight of the bullet (w lbs.) embedded in it, so that with F as the 
striking velocity wF = (W +w) na / 114.7 That is the accurate working 
formula for the ballistic pendulum. The value 2 лл / 12 * 60 = п / 114.7 isa 
mere numerical constant which can be evaluated once and for all by 
observing the number of complete swings (to and fro) made in one minute." 

This is complicated, so let's try to make it easier. 


If a pendulum swings backwards from any force, as it moves 
rearward it will also swing (arc) upwards. Besides the rearward distance, 
which is horizontal, there will also be an upward or vertical distance. It is 
known from Galileo's studies that a swinging pendulum's velocity is related 
to the height it will swing (or rise above the horizontal). 


ve gh 


where: F= velocity 
h= height 
g = gravitational constant 
Ф Another useful formula for anyone interested in pendulums is, 
= (a+ тр) Ypi m 
Where: F= velocity of the bullet in feet per second 
m = mass of the bullet in pounds 
m, mass of the pendulum in pounds 
V, = velocity of pendulum in feet per second 
As we can visualize, if we reduce the pendulum's weight by half, it 
will double the pendulum velocity, and if we reduce the bullet's weight by 
half, we will cut the pendulum’s velocity by half. You can see that precise 
measurements are vital to the outcome, 
The rise is always less than the horizontal movement, so if the rise 
is used, more precise measurements are needed to obtain the same accuracy. 
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Another, more modem, type of pendulum is called a torsion 
pendulum. It involves a weight hanging by a vertical wire that 1s twisted first 
one way and then the other. This twisting produces a restoring torque, which 
is proportional to the angular displacement, similar to the balance wheel of a 
wach, 

REVOLVING DISK 

The revolving disk measures the time the bullet takes to travel a 
known distance so И can correctly be called a chronograph. 

Two disks with calibration marks similar to the 360° marks around 
a compass аге secured on each end of a shaft at a known distance apart, The 
marks or lines on the disk must be identical and beginning witness marks on 
the separate disks must be directly in line with each other. The disks should 
not be too close together, at least four feet, and not so close to the muzzle as 
to be affected by the blast of escaping gas. We must know from a tachometer 
or other method, such as a motor thal tums at a very precise number of 
revolutions per minute, the exact speed (revolutions per minute) of the shaft 
and disks. 

The gun is fired with the bore of the gun parallel to the shaft so the 
projectile enters the disks near the outside edge. The bullet will enter the 
second disk, not directly behind the first disk but to the right if the shaft is 
rotating counterclockwise. This is because of the movement of the disks 
while the projectile is traveling between them, Make the disks of a material 
that will not slow the bullet's velocity and do all of the steps carefully and 
accurately. The measurement of the lag or distance the second disk moved 
and some basic mathematics will give the velocity, For this method to be 
successful, both disks must be moving at the same speed. Their exact r.p.m 
must be known, and the lag angle between the hole punched in the first disk 
and the hole in the second must be measured with accuracy, If made and 
used carefully, it can be very accurate for low to medium speeds. (See 
illustration.) 

A flywheel should be used to aid the motor to turn at a constant 
speed. The motor's shaft speed must be converted to degrees per second. For 
example, а 1,760 rpm motor will tum at 29.33 revolutions per second with 
and angular velocity of 10,560 degrees per second. Care must be used in the 
measurements. The formula for velocity is: 

e v — 5/0 
Where: « = angular velocity in degrees per second 
ж = distance between disks in feet 
d = angular displacement between bullet holes 
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VELOCITY MEASUREMENT BY REVOLVING DISKS 
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CHRONOGRAPHS 

A chronograph measures only time, or in this case, elapsed time. An 
electrically operated timer is started automatically as a bullet is fired through 
an electrical screen or photoelectric device. The bullet travels a set distance 
and stops the timer at the second screen. The elapsed time will be very short 
and measured in milliseconds. The instrument will calculate the time and 
convert it into a reading in feet per second, A remarkable accomplishment, 
when we consider the buller s millionths of a second passage has to start and 
stap the device with accuracy. 

For many years, the Boulengé chronograph was used to measure 
velocity. This was the invention of a Belgian Army Captain, Paul Ешй le 
Boulengé. It originated in 1874 and was still in use in the late 1940's. 

It consisted of 2 screens held by frames and placed a predetermined 
distance apart. Through both electric and mechanical means, a timer is 
started as the first screen is penetrated, and stopped as the second screen is 
penetrated. The timer is not a clock type of system that we would all be 
familiar with, but a falling tube that is marked and the time is determined 
from the mark's location, 

The first screen was placed at 3 feet from the muzzle and the second 
placed for a 150 feet spacing. (153 feet from the muzzle.) This gave a 
midpoint of 78 feet from the muzzle. (75' + 3") If the screens were set at 100 
feel apart, the midpoint was 53 feet and handguns were measured at 50 feet 
distance for a 25.5 feet distance with the first screen at 6 inches. 

The 78 feet distance was the military standard for many years, and 
listed in the charts and papers as "Instrumental at 78 feet." This was the 
distance from the muzzle to the midpoint, but a few people mistakenly 
thought that it meant the maximum velocity was at 78 feet, The maximum 
velocity is always at the muzzle because the bullet begins to decelerate as 
soon as it leaves the muzzle, Technically, in some cases, there may be an 
inch or two before the air resistance stops the acceleration, but not much. 

Electronic timers were invented that measure time by an oscillator 
that, for example, may oscillate at a frequency of 100,000 times each second. 
With a modern method of counting the oscillations from screen to screen, the 
time could be computed with a high degree of accuracy. 
| Improvements in screens and methods of starting and stopping the 
lime were also made. A gate circuit, a sandwich screen, a solenoid screen, 
and a photoelectric screen have all been used, 

These days computers take chronograph figures and print out a 
ballistic table. Modern equipment is cheap, easy io operate, and the two 
screens are set close together on a short bar, Because of battery operation, 
the units can be used anyplace where a gun can be legally and safely fired. 
(Have spare batteries. They always go dead when you need them the mast, у 

Modern electronic chronographs are wonders of technology. Easy 
to use and very accurate. 15 % accuracy is common, Many features are 
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usually included which make them a pleasure to use. Most models will store 
in their memory the results of a string of shots as well as displaying the last 
shot velocity. Calculation features include reporting the highest velocity, 
standard deviation, extreme spread, average velocity, etc. All of these items 
are explained in detail in this book so chronograph owners will understand 
better the information they have available. With a computer, a chronograph, 
and this book for information, an amateur can accomplish things that not 
long ago would have created problems for a complete ballistic laboratory. 
MUZZLE VELOCITY 

Muzzle velocity is just what a reader would expect, the velocity of 
the projectile as it leaves the barrels muzzle. It is usually estimated from a 
chronograph test made from a short distance away. This is to prevent the 
blast created by the hot escaping gas from damaging the valuable equipment. 

Air density affects velocity and Army Ordnance uses 0.64 fps per 
foot for the distance from muzzle to mid-point between screens. (Note the 
term mid-point.) 

* If d= distance between muzzle and start screen 
and s = distance between screens, 

D-2d*1/2s then MF-D*C-tIV 
Where: МТ = muzzle velocity 

D = as above 
IV — instrumental velocity 
C = air density factor Rho (or use 0.64 fps) 

Technically, muzzle velocity varies inversely as the mass of the 
bullet and directly as the square of its caliber. In other words, for highest 
velocity, use a light bullet with a large diameter. This is primarily for 
acceleration while the bullet is still in the bore. Of course, a compromise 
would be needed because the ballistic coefficient, which maintains that 
velocity outside of the bore requires more weight and less diameter. (It 
varies directly as the mass of the bullet and inversely as the square of the 
caliber.) To help avoid confusion, remember that inversely means opposite 
or inverted order. As one quantity is greater or less accordingly as another is 
less ar greater. Directly means exactly or precisely. 

SPEED OF SOUND 

І have been criticized for stating in earlier editions of this book that 
the speed of sound, as it relates to firearm ballistics, is basically and solely a 
function af temperature. I have been told that density, barometric pressure, 
and humidity must be considered. In a way, | am correct and so were my 
critics, so let us examine this subject in more detail. 

It is well known that the speed of sound changes with altitude. Most 
people believe the thinner air, which increases the velocity at the higher 
altitudes, causes it, Less air to hold it back. But this is not correct. This is a 
quote from an Aerodynamics Training Manual for Naval Aviators, 
NAVWEPS 00-80T-80. "The speed of sound is the rate at which small 
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pressure disturbances will be propagated through the air and this propagation 
speed is solely a function of air temperature." 

The speed of sound slows with increased altitude, but this is due to 
the lower temperature instead of lower air density. For example, the speed of 
sound at sea level is 661.7 knots or nautical miles per hour (761 statute or 
common miles per hour) al a standard temperature of 15" С. {59° Е). Al 
60,000 feet the speed of sound drops to 573.8 knots. This is based on a 
standard temperature at that altitude of -56.5" C. (-69,7°F,), 

The National Aeronautics and Space Administration declares that 
the speed of sound depends on the type of medium (air in our case) and the 
temperature of the medium. Also the speed of sound depends on the state of 
the gas — more specifically, the square root of the temperature of the gas. 

NASA's formula; a= sqrt (y R T) 

Where: ү = ratio of specific heats (1.4 for air at standard temperature) 

A= gas constant (286 ms/K" for air) 

T = absolute temperature (273.15 + °C) 

Notice: The temp. must be on an absolute scale (Kelvin or Rankin). 

In firearm ballistics we usually give velocities in feet per second 
instead of knots or miles per hour. Many people still use an out-of-date 
figure of 1,080 fps for the speed of sound, This would be correct at about 24° 
F. For a number closer to general use, 1,120 fps is best and is used in this 
book. Rounding off the figures slightly, this is based on about 60" F. The 
standard previously given of 661.7 knots at 59" F. is 1,116 fps. (Chapter 2 
has more information on this subject.) 

To find the velocity of sound with the air temperature in centigrade, 
multiply by 1,088 the square root af one plus the temperature divided by 
273. The answer will be what we want im ballistics, feet per second. 
Remember to use centigrade, 


C 


V = 1088 1+ == 
273 


This formula works very well. 59° F. converts to 15 degree C. 
divided by 273 = 0549 + | = 1.0549. The square root of which is 1.027 
times 1,088 = 1,117.4 feet per second. 

The speed of sound increases as the temperature increases and 
conversely will decrease as the temperature drops. The change is about 2 fi. 
per sec. for each degree of centigrade. Above the speed of sound is the 
supersonic range and below is subsonic. The speed of sound is important in 
both bullet design and performance as well as the louder noise, sometimes 
described as a erack, that the supersonic bullet makes as it travels through 
the air. The same noise as an aircraft sonic boom, it is the product of a 
pressure shock wave sufficient to create an audible disturbance. 
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Density, in simple terms, is the mass of anything divided by the 
volume it occupies, Le. the ratio of mass to volume. Air density is the term 
for the air's thickness or compactness. The air gets thinner as we rise above 
sea level and this reduces the resistance (drag) on the projectile. The air's 
density depends on its temperature, its pressure, and how much water vapor 
is in the air. There are a number of formulas that are used to determine the 
speed of sound that involve density - and humidity if air is the medium. If 
they are worked out for air, there is very little difference, i.e. density has 
very little influence. Sound travels faster in moist humid air than in dry air, 
but again the difference is so slight it can be dismissed, Where density has à 
powerful effect is when the medium changes. For example, sound moves 
much faster in liquids and solids than in gases. In both liquids and solids, 
density has the same effect as in gases: that is, velocity varies inversely as 
the square root of the density. For example, at normal temperatures, sound 
moves in copper at about 11,000 fps. And steel is a very good conductor of 
sound at about 16,000 fps. Sound moves in water al about 5,000 fps near the 
surface. Às you go deeper in the water, the increased pressure from the 
weight of all the water on top makes the water more dense and sound travels 
faster. The molecules that vibrate to transmit the sound waves are closer 
together. Of course air is similar, but air changes very little in, for example, 
one thousand feet while water changes a huge amount in the same distance. 

The density at a given altitude over a given place will show large 
variations due to the changing distribution of high and low pressure. The 
density of the air at any given altitude is obviously dependent upon the 
barometric pressure at that point. Variations in barometric reading due to 
cyclonic areas of high and low pressure passing over a given spot give a 
noticeable increase or decrease, The best that can be done for a simple 
constant law is to seek an average. 

The air density drops with altitude, and as such, offers less drag 
(resistance) to the bullet's flight. The percent of sea level density is about .94 
at 2,000 ft, 88 at 4,000 fL, .83 at 6,000 fL, .78 at 8,000 ft, and .73 at 10,000 
fi. It would be a rare shooter that would have а need for the percent figures 
above this altitude. 

A projectile's flight trajectory and ballistics are affected, but not as 
much as it would appear at first thought. One of the main reasons for the 
small change in performance is that the flight time, while reduced, is 
changed very little. If all the air were removed to a complete vacuum, the 
result would not be too dramatic in most cases. A 180 grain .30 caliber bullet 
with a muzzle velocity of 2,700 fps at 10,000 ft. and a 300-yard range would 
require a lower elevation, compared to sea level, of only 3 minute. If this 
same bullet could be fired in a complete vacuum, the elevation change would 
only be a 7/10-minute difference. Remember that a minute is 1/60 of a 
degree, so that is а very small change. (ore on density in Chapter 14.) 

Standard atmosphere, as defined by the NACA, is an 
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approximation of the average. For the U, S., it is based on sea level pressure 
of 29,921 in. Hg., mass density 0.002378 slug per cu. ft. and a temperature 
of 59" F. The temperature change is fairly uniform to the beginning of the 
isothermal region (stratosphere). That is -67^ Е. at 35,332 feet. (Excuse the 
nerdy gobbledegook, but some readers may need that information.) A 
general rule of thumb 15 that the pressure drops about 1 inch of mercury for 
each 1,000 feet of altitude gained. If you are using millibars, the correction is 
1 millibar for each 8 meters of altitude gained, As altitude increases, this rule 
becomes less accurate and it is most valuable below 4,000 feet above sea 
level. 

Many experis say that nothing effects the speed of sound in the 
atmosphere other than temperature, i.e. the effect is so slight they discount it. 
Others say density and humidity have an insignificant effect. Most agree that 
pressure has no influence, although increasing pressure increases the density. 

Frankly, all of this discussion on the speed of sound is probably 
more trouble than it is worth. It is not acceptable to say that the speed of 
sound depends on density, humidity, or any other factor, unless temperature 
is included. Temperature is the most important of all the influences and the 
only one that needs to be considered in small arms ballistics. Even normal 
temperature changes will make very little difference. In most cases we can 
just use 1,120 feet per second. Density and these other factors have a more 
noticeable effect on the flight characteristics and trajectory of the projectile. 

For the study of aerodynamics and airflow at velocities below the 
speed of sound, air is termed incompressible. At the higher speeds, there are 
large and important changes in air density and compressibility. As the bullet 
moves through the air mass, pressure and velocity changes create turbulence 
in the surrounding airflow that move at the of sound. These pressure 
changes move in all directions. Even ahead of the bullet's front at below the 
speed af sound, but not above the speed of sound. At over the speed of 
sound, there is no apparent change preceding the front edge of the bullet. 
This is all similar to the situation of high-speed aircraft. 

The example of surface waves on water may help clear up a 

misunderstanding. Although the speed is slower, a surface wave on water 15 
simply a propagation of a pressure disturbance. A boat moving at a speed 
less than the wave speed (which varies) will not form a bow wave. A boat 
moving over the wave speed will form a bow wave, which will become 
stronger as the speed increases. 
+ The speed of sound is termed Mach 1.0. Mach is the ratio of 
velocity to the speed of sound. Therefore: Mach number = V/ а where F= 
true velocity and a = the speed of sound. This is a simplified formula that 
does not consider the temperature. 

Compressibility is the main difference between subsonic (below 
Mach 1) and supersonic (above Mach 1) air flow. At supersonic velocities, 
all changes in airflow direction, pressure, density, etc. change suddenly. 
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There are 3 types of waves formed al supersonic velocities, (1) A 
compression shock wave that is wasted energy and called oblique. (2) A 
normal compression shock wave. (3) The no shock expansion wave. Without 
going into details on the wave forms, it should be added that they create a 
wave drag on the bullet. Drag means to hinder or slow down, 

The shock wave generated by a supersonic bullet can be seen on the 
range, under certain conditions of light and heat. The wave is compressed 
air, which is denser than the surrounding atmosphere, Light rays are bent as 
they travel from one densily area to the other as with a prism. Mirage, the 
bending of light rays by different temperatures rather than pressures, can 
help in seeing the shock waves. Occasionally, under ideal conditions, even 
the bullet can be seen as it streaks toward the target, followed by an 
expanding round vortex. 

While the speed of sound is Mach 1.0, there is a frarisonic range 
that begins at 0.75 Mach and extends to 1.20 Mach. This is the speed where 
the actual projectile is not at the speed of sound but if below it, some of the 
airflow will be pushed to Mach 1. If the projectile is slightly over the speed 
of sound, some of the airflow will be retarded and lag behind preventing the 
full supersonic effect. This range is roughly from 840 fps to 1,344 fps. The 
figures arc approximate because the speed of sound is only a precise amount 
at à known temperature and the transonic speed is lacking in precise limits. 

A lot of phenomena occur during this transonic range. Most of the 
difficulties are associated with shock wave induced flow and pressure 
changes. A boundary layer forms between the supersonic airflow and the 
subsonic airflow, This area is always accompanied by a shock wave. There 
will be a static pressure increase behind the wave that the boundary layer 
may not have sufficient kinetic energy to withstand. As the speed increases 
in the transonic range, the shock wave moves farther back until at Mach 1 
and above, a bow wave forms, 

For long range rifle work, velocities in the transonic range should 
be avoided. Handgun calibers that operate in this velocity region, such as the 
.357 Mag. or 41 Rem. Mag., are not used at long ranges to avoid the effect. 

Some muzzle-loading experts can accurately estimate the velocity 
of the bullets and the powder required by the sound. Generally, the sound of 
the powder explosion and the gasses escaping the barrel will remain about 
the same, but as the bullet approaches the speed of sound, the bullet will 
begin to make a crack sound. This will increase in volume until it covers the 
original explosive noise. The increase in volume will be rapid until the top of 
the transonic range. Beyond this velocity, the increase in volume continues, 
but at a substantially reduced rate. (Caution, For safety, do not use too 
much powder.) 

This small sonic boom created by the bow shock wave can be heard 
from any bullet with a velocity at or above the speed of sound, Down range 
and safely to one side is a good place to hear this event. Under some 
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conditions, it can also be heard bouncing back as an echo from poles and 
buildings. It is interesting to note that silencers can reduce and almost stop 
the sound of ignition, but will have no effect on the supersonic sound wave 
of a bullet in that velocity range. The crack will still be as loud as ever. 
SOUND AND LIGHT OBSERVATIONS 

It was published in a magazine article that the .220 Swift was so 
fast that with a 50-grain bullet leaving the muzzle at 4,100 fps (Norma 
factory ballistics), a varmint would die before the sound arrived. While this 
is true, it would also be correct for amy bullet that had an average velocity 
above the speed of sound. This assumes, of course, an instant kill. 

With the speed of light instead of sound, the reverse is true. It is 
interesting that the time involved for a bullet to travel a long distance and the 
huge difference between any bullet's velocity and the speed of light 
(186,330 miles per sec. in à vacuum or 2.9979250 * 10" meters per second.) 
For extreme long ranges, if a potential victim moved upon secing the flash of 
an opponent's gun, he could be out of the way before the bullet arrived. 
Don't try it. The key is extreme long range. Also, the shooter could be 
off of the target (miss) in the same direction the intended victim moved. 

A person who can see a firing gun's muzzle flash can estimate the 
distance to the gun by counting the seconds between secing the flash and 
hearing the "bang " Multiply this by 1,130 for an answer in feet. 
INCREASED VELOCITY 

Increased velocity has disadvantages. In hunting, for example, if the 
bullet is not designed for the velocity it can disintegrate on impact and not 
expand or penetrate properly. Barrel and throat wear will be increased and 
usually at a much higher rate than the percent of increase in velocity. 
DECAYING VELOCITY 

If the range is long enough, velocities that are well over the speed 
of sound can decay into the transition range and become subsonic. For 
distance work, usually targets at 600 yards and beyond, bullets should have 
enough weight to maintain velocity as well as enough to start with. If the 
velocity decays to the speed of sound, it is influenced by all the pressure and 
shock waves in that speed realm. This passing through the sonic wall has 
special problems. There is a change from a shock wave to laminar airflow 
and a huge alteration in retardation from drag. As mentioned earlier, it is not 
just a single speed but a broad speed range. Accuracy is affected whenever a 
bullet passes through this area. For a brief example, the 7.62 - M852 
cartridge leaves the muzzle at about 2,600 fps, The velocity will drop to the 
speed of sound, a loss of over half its velocity, at about 750 yards. 

It is sometimes presumed that velocity drops at a rate whereby a 
bullet that has lost 9% of its velocity in the first 100 yards will continue to 
lose 9% of its remaining velocity in each succeeding 100 yards. This theory 
does not work well for most cartridges. For example, a .30-06 bullet of 150 
grain will fluctuate in each 100 yards from .889 to .928. Some will check ош 
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worse and some better, but the results are not good enough to consider the 
rule valid for anything requiring accuracy. Of course, very few formulas 
consider the variables, 

WHY VARIATIONS IN VELOCITY 

Ammunition is the chief cause of differences in velocity under what 
appear to be similar conditions, Ammo that is made carefully will still vary 
in velocity. There are several causes for this. (1) Variation in powder charge. 
(2) Vanation in powder location in case. (3) Variation in bullet weight, 
roundness, diameter, hardness, etc. (4) Variation in case capacity, hardness, 
etc. (8) Variation in ignition caused by, (a) variation in flash-hole size and 
shape. (b) variation in hammer blow force, (€) variation in primer cup 
hardness and thickness, (d) variation in primer compound, 

Temperature has an influence on velocity as it also influences 
pressure. For IMR powders, testing has shown that each change of I" Е. in 
powder temperature will change the muzzle velocity by 1.7 fps in the 
corresponding direction. Therefore, a 30" F. change in temperature will alter 
the velocity by 51 fps. Ammo exposed to direct sunlight will increase in 
temperature much higher than the air temperature. A temperature of 140" F. 
is likely and ordinary. Ammunition in a closed automobile can reach 160° F. 
DRAG 

To begin a discussion of drag, we need to state three basic facts. (1) 
Drag is the resistance of the air to the passage of an object through it. (2) 
Drag acts in a direction to the rear of the intended path. (3) Drag is the net 
aerodynamic force parallel to the relative trajectory 

Let's discuss these in more detail to clear up amy questionable areas. 

Air pressure al sea level is 14.7 pounds per square inch. Called 
static pressure, it is the result of the mass of air supported above it. This 
pressure is in all directions, not just down toward the earth. The bullet does 
not slip through the air without some resistance from the air as it touches the 
sides. Parasitic drag is the friction of the air molecules as they slide along 
the outer edge of the bullet, This is also called skin friction. 

The aur is retarded (slowed down) as it sticks to the outer surface of 
the projectile. The retardation is greatest at the surface of the projectile 
where the air particles are slowed to a relative velocity of near zero. Above 
this area, the particles experience successively less retardation until at a 
distance away, the velocity reaches the full air stream velocity, This area is 
called a boundary layer, The gas molecules can slide easily over each other 
but they cannot slide easily when they are pressed against the moving object. 

DulDa-(V;l И, у? 

The velocity of the bullet has а powerful effect on parasitic drag. In 
this formula, D, is parasitic drag corresponding to an original speed V,.. D, 
is parasitic drag corresponding to а new speed Fy. The formula shows the 
powerful effect of velocity on parasitic drag. In other words, the drag 
increases almost as the square of the velocity. If we double the velocity, the 
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drag increases 4 times, Triple the velocity and the drag increases 9 times, 
This formula holds for the subsonic velocities. At higher than the speed of 
sound, this effect is more rapid and pronounced, 

The compressed air pressure at the nose or front of the projectile is 
tremendous. The flow created as the bullet pushes into the air creates what is 
called a bow wave. If you pul your hand out the window of an automobile 
moving at 55 mph (only 80 ft. per second) you can easily understand the 
force on a bullet at 1,000 or 2,000 or 3,000 ft. per second. 

Below the speed of sound, the air piles up in front of the projectile's 
nose and air density increases. A pressure wave travels ahead of the 
projectile. We could say the air ahead of the projectile is being warned of its 
advance. At velocities over the speed of sound, the pressure waves are not 
able to advance ahead. The forword air is not aware of the approaching 
projectile until it is hit by the air particles pushed immediately in front of it. 
This causes a major increase in air density and air pressure. 

As the projectile parts the air with its passage, it leaves a void 
behind it. This area at the base is sometimes called "a hole in the air." It is 
created because the flowing air does not close in behind the moving 
projectile until it has moved on a short distance. This area with no air may 
not be a complete vacuum, but it has almost the same effect. If there were air 
at the back, it would exert the normal 14.7 165/50. in. of pressure forward 
because the pressure is in all directions. The lack of pressure at the back does 
not hold the bullet back, as occasionally is believed, nor does it increase the 
pressure on the nose, but the consequence is the same. 

Total drag is a combination of all types of drag added together. 

Bullet design and the ballistic caefficient are factors in this subject 
and are explained in another section of this book, (See Chapters 14 and 16.) 
COEFFICIENT OF DRAG 

The coefficient of drag increases strongly in the transonic velocity 
range. It peaks at about 1,500 fps, which is actually a small amount past the 
transonic velocity. Depending on the projectile's shape, at higher velocities it 
will drop to tlie level it had at the subsonic velocity. This will be close to 
Mach 2. (About 2,240 fps at 60° Р.) 

SEMI-AUTOMATIC VELOCITY LOSS 

There is a velocity loss in semi-automatic, self-loading firearms, but 
it is so stall it is inconsequential. The loss is very slight and only a careful 
test with good chronograph equipment will demonstrate it. Testing is tricky 
because variation in the velocities of ammunition may exceed the effect. 

An explanation is reminiscent of the effects of shooting forward or 
backward from a moving object. For example, let us say we are firing a gun 
that is solidly attached to a heavy object so it cannot move in relation to the 
earth. The chronograph screens also cannot move. If a bullet moves at 2,000 
fps, that will be in relation to the earth, as everything is mounted solidly on 
it, If the same gun was fired at the same 2,000 fps, but the gun was free to 
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recoil at 15 fps, the chronograph would show 1,985 fps. The bullet is still 
moving 2,000 fps relative to the gun barrel but 1,985 fps relative to the earth 
and the chronograph that is fixed upon it, The same principal is in effect for 
a self-loading firearm where part of the mechanism 15 free to recoil. 

Guns thal use a small portion of the gas to fill a gas cylinder can 
have a slight velocity loss if the system is the type that permits leakage. In 
these guns, because there is slightly less gas to push the projectile, the 
velacity loss will vary from zero to perhaps a half a percent. 

Recoil operated guns have parts that move back as the bullet moves 
forward. These parts may weigh up to half the total gun weight. The velocity 
loss is never zero as in the gas-operated guns, but still so low that it can be 
minimized. Different guns will give different figures, but they will be in the 
general area of 15 fps for .22 caliber rumfire. 

The expanding gases divide the total velocity between the gun and 
projectile inversely as their weights. When a projectile is shot from a gun 
that is so heavy that it barely recoils, almost all the velocity of detachment 
goes to the projectile. A lighter weight gun will recoil more, and consume 
some of the available velocity, If a firearm and a projectile were of the same 
weight, each would receive half the total velocity. 

An auto-loading weapon will have the same measured recoil, other 
factors being equal, but the kick is frequently less. The spring mechanism 
that is used to load the next cartridge absorbs some of the shock that would 
be felt by the shooter's shoulder or hand. This was explained in more detail 
in the recoil section where we discussed the law of conservation of energy 
and how it keeps the recoil the same. To avoid confusion, remember that felt 
kick and recoil are not the same thing. (See Chapter б.) 

TIME OF FLIGHT RULE OF THUMB 

A rule of thumb to quickly find an approximate time of flight: 

+ Average velocity is found by adding together the muzzle 
velocity and the velocity at the range and dividing the answer by 2. 

Example: а Winchester 308 Super X 150-grain ST. Muzzle 
velocity 2,820 fps and velocity at 300 yards is 2,009 fps. 2,820 + 2,009 = 
4,829 * by 2 — 2,414.5 fps for average velocity over the 300-yard range. 

If we then divide the range in feet by the average velocity we will 
have an approximate time of flight for the 300 yards. (Note the need to 
convert yards to feet by multiplying by 3.) 

Example: using figures from the previous example: 300 yards 
times 3 = 900 feet, 900 feet + 2,414.5 = 3727 seconds. 

(NOTE: Time of flight is covered in complete detail and with 
precise formulas in Chapter 20.) 

BULLET DROPPED AT MUZZLE 

it is sometimes stated that if a bullet were dropped from the gun 
muzzle at the same time a bullet of equal weight were fired horizontally over 
flat ground, they would strike the earth at the same instant, Not true, only in 
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a vacuum where the only force acting upon the two objects is gravity. The 
difference would be slight, only a fraction of a second. The air resistance 
(drag) and the aerodynamic lift created by a slightly nose high trajectory will 
keep the fired bullet up longer. Of course, the atmosphere also influences the 
dropped bullet, but not by much, School textbooks frequently state that they 
would hit the ground at the same time. This is an effort to demonstrate that 
the vertical acceleration of an object due to gravity is not related to the 
horizontal velocity. As just stated, only in a vacuum, not in the real world. 

William C. Davis, Jr, wnüng in the N.RLA's The American 
Rifleman magazine for December 1982, points out that a 150 grain .30-'06 
bullet fired horizontally at 2,900 fps from a 5-foot height, would hit the 
ground about 1,330 fL. down range after about -600 second flight time. The 
same bullet, if dropped the 5 feet, would take 557 second to hit the ground. 
A gain of .043 second. (Mr. Davis has contributed several valuable charts 
and other facts to this book, and it is all very much appreciated.) 
DROP AT RANGE METHOD 

Several attempts have been made to measure bullet velocity by the 
drop method. (We are now discussing trajectory drop, not the drop from the 
muzzle as in the preceding topic.) Each involves obtaining the velocity from 
the drop of the bullet over a known range. It is said that the drop gives a 
measure of time and from this, velocity can easily be computed. It sounds 
good but is both inaccurate and unnecessary. The amount of drop cannot 
be determined close enough for the answer to have any accuracy. 


This table shows how impossible it is to obtain an accurate velocity 
from the “drop” method. The range employed is 400-feet. (Not yards.) 


Average velocity Time of flight Drop 

in fps in seconds in feet in inches 
500 0.800 10.640 127.680 
1,000 0.400) 2.572 30.864 
1,500 0.267 1.143 13.720 
2,000 0.200 0.643 7.718 
2,500 0.160 0411 4.939 
3,000 0.133 0.285 3.415 
3,500 0.114 0.198 2.374 
4,000 0.100 0.161 1.930 


WIND DEFLECTION, VELOCITY, & DRAG 

Wind deflection is not controlled by time of flight but by the loss of 
velocity during the time of flight. In the transition velocity range above the 
speed of sound, the drag increases disproportionately higher than the 
velocity increases, In other words, if the velocity is increased by a small 
amount, the drag increases by a large amount. This situation i$ unique to this 
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velocity range. Atall other velocities, an increase in velocity will bring about 
a decrease in wind deflection, but not in the upper transition range. This is 
the reason for the special .22 match ammunition that is loaded so it will not 
go fast enough to get into this velocity range. The higher velocity .22 ammo 
has a flatter trajectory but is deflected more буза crosswind. Air resistance is 
much increased in this velocity range and a lot of air turbulence and pressure 
changes occur. The delay is affected out of proportion. (Note: this item is 
also in the wind deflection chapter.) 
FIRED FROM A MOVING OBJECT 

A strange fact about velocity is that it must have a reference point. 
That point can be fixed or it can possess motion of its own, If a gun is fired 
from a moving object, its velocity in respect to that object is the samie, 
regardless of whether the object is moving or not moving. It can also have 
velocity in respect to two or more objects at the same time, and the velocity 
may be different for each of them. If one of the objects is the earth, then the 
velocity of a projectile must be considered in regard to the velocity of any 
object that the gun is fastened upon, This is calculated algebraically, i.e. if 
the gun is fired to the rear of the gun's movement, then the velocity of the 
gun must be subtracted from the projectile's to obtain the velocity over the 
tanh. Conversely, it would be added if fired forward. If fired to one side or 
the other, it would be changed in respect to the earth, by the result of the 
movement of the gun їп а varying amount, according to the angle. (That may 
appear confusing, but keep reading and it will make sense.) 

A bullet fired from a moving object will be directly affected, 
whether from a high-speed fighter plane or a 60-mph auto, A 30-06 at 2,700 
fps (1,841 mph) fired forward from a jet at 1,841 mph would have an initial 
velocity, in relation to the earth, of 3,682 mph. If fired to the rear, in relation 
to the earth, it would be zero, If that sounds peculiar, think about it carefully 
for a moment. It can be no other way. What we have to remember is that we 
are speaking of the projectile's relationship to the earth. In relation to the 
aircraft, it would be 1,841 mph in both directions. This relationship will 
always exist even if the numbers appear bizarre. For example, a gun with a 
muzzle velocity of 750 fps fired from an airplane with a velocity of 1,400 fps 
(955 mph) or the same airplane at the same velocity and a faster firearm at, 
perhaps, 3,200 fps. The velocity with respect 10 the airplane will be the 
projectile’s velocity, but in relationship to the earth, it will be speeded up or 
slowed down, or perhaps even moving backwards. Notice the 1,400 fps 
forward airplane movement and the projectile fired toward the rear at 750 
fps. The projectile, in relationship to the earth, will actually be moving 
backwards at 650 fps. (For simplicity, we are ignoring a few minor points 
that would have no effect beyond about a 44% in velocity.) 
ARMOR-PIERCING BULLETS 

In armor-piercing bullets, steel penetration leans heavily on velocity 
and bullet weight, as expected, Ordinary bullets such as soft point, tracer, 
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hollow point, etc. will also go through heavy steel plate if the velocity is very 
high. A .30 caliber bullet that will not even dent a $ inch steel plate at normal 
velocity will knock out a plug bigger in diameter than the bullet at much 
higher velocity. Armor-piercing bullets do just what the name implies, pierce 
according to striking energy. Regular bullet types at very high feet per 
second (3,000 fps to 4,500 fps, depending on cartridge, etc.) will shear and 
knock out a plug equal or greater than their diameter. Machinists and tool & 
die makers will notice the action is similar to a punch and die in a metal 
press. In this case, the speed and energy make up for the lack of support that 
would have been produced by the missing die, For readers not familiar with 
this comparison, the punch is considered the male part of a die assembly and 
the die the female part. The die supplies the support, as long as the clearance 
between the two is not too great. 

HIGH VELOCITY USING POWDER AS A PROPELLANT 

If standard powder is used, no amount can push a projectile beyond 
about 11,000 fps. A more practical limit is about 6,500 fps. Some experts 
believe 4,500 fps is the highest efficient limit. Regardless of what the actual 
practical and efficient limit is, à huge amount of the energy is used just to 
push the gas down the bore. The gases produced have a high molecular 
weight and the available energy must push both the gas weight and the 
projectile weight, (See internal ballistics in Chapters 4, 5, and 6.) The 
energy used to push the gas is wasted, as it is in all firearms. Increasing the 
powder charge can only be taken so far prior to the extra charge being 
wasted in trying to move the gas. No energy is left to move the projectile any 
faster. It reaches a point where it is self-defeating. 

The more powder the less efficiency. Rifles have efficiency rates in 
the 30% to 40% range. Shotguns usually can get slightly over 40%. With 
pressure gradients that are low and such low efficiency percents, there is 
little future in velocities over about 5,000 fps from conventional powder 
firearms. There is also a maximum velocity that this expanding gas cannot 
exceed in the barrel without creating a shock wave. (See speed of sound.) A 
bullet cannot be pushed faster than the expanding gas will move. 

Barrel erosion is one of the disadvantages of high velocity bullets, 
partly due to friction and partly to the high temperature. There will also be 
an increase in recoil from increasing the powder, even if it does not increase 
the velocity. (See Chapter 6 on Recoil.) 

HIGH VELOCITY EXPERIMENTS 

High velocity guns, sometimes called hypervelocity, are capable of 
projectile velocities in excess of 28,000 fps. There have been many test 
projects over the years involving this area of study. All involve complicated 
equipment and procedures that generate extreme heat and pressure with 
almost no barrel life. Mostly, they are for test and research only and have no 
value in the real world. 
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In the laboratory, electrothermal enhancement is an effort to bypass 
the powder problems, (Limit to gas expansion, velocity, and pressure.) The 
powder and primer are replaced with a fluid and a pulsed electrical current of 
about 100,000 amps. The heated plasma that is formed will push the 
projectile up to 50% faster with less pressure. The push is continuous for the 
entire barrel length with no sudden peak. 

Electromagnetic guns do not have the practical value of the 
electrothermal type. There is no gas expansion and no cartridge. Only the 
projectile and a magnetic field that is formed as current is induced to two 
parallel copper rails. These rail guns have a velocity of about 28,000 fps, 

Who knows what the future will bring? History has shown that the 
laboratory experiments of today become the common items of tomorrow, 
VELOCITY VARIATIONS 

There are many reasons for variations in velocity, which can occur 
even between guns of (he same make, model and caliber. Reloading manuals 
don't agree with each other and manufacturer's factory figures can be 
different. Your pet load may chronograph faster in Uncle Joe's old junk 
Mauser than in your new custom rifle, 

REASONS: Not all powder is created equal and the moisture 
content and temperature can vary. Lot to lot differences and the position of 
ihe powder in a spacious case, can be noticeable, 

Primers are not all the same from one manufacturer to another and 
can have differences from lot to lot. The installation in the case may be 
slightly different and also the hammer or firing pin blow can be different 
enough to cause a change. 

Bullets come in so many different styles, shapes, materials, jacket 
types, and thickness that it stands to reason there will be variations. Even the 
sealing depth can affect velocity, and in some instances, by a large amount. 

Barrels can have a major effect on velocity, Their condition and 
cleanliness are know factors. Also consider rifling, over-all length, freebore 
length, throat length, angle, bore size, and many other factors. All can cause 
changes in velocity. 

Case condition and the capacity, which controls the loading density 
and bulk density, should be considered. Is there any extra room in the case or 
is the powder compressed? (See cartridge details in Chapter 15.) 

Even the temperature and barometric pressure affect velocity in 
a small amount. 

MORE MATHEMATICS 

Note that the laws of physics dictate that the velocity created by any 
force on а moveable object for one second is equal to the force in pounds, 
divided by the mass of the object. (As discussed in other chapters, mass is 
the weight divided by the acceleration of gravity.) The velocity will be twice 
as much if the force acts for two seconds. If the force acts through a given 
distance instead af a given time, the velocity imparted to the object will be 
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equal to the square root of two times the force multiplied by the distance 
through which it acts, divided by the mass of the object. 

When used with projectiles, this will give a velocity thal is too high 
if the peak pressure is used because the peak pressure does not remain at that 
amount during the time it acts. An average pressure is required. {Ап easy 
average pressure formula is on page 56.) 

NOTES ON VELOCITY 

* There is a minor controversy about which is more important to the 
hand-loader testing new loads, accuracy, or velocity. Are they not both 
important? Appropriate and uniform velocity is needed for bullet expansion, 
penetration, wind deflection, trajectory, and, yes, for accuracy. But without 
accuracy, none af the others would have any value. 

+ The importance of velocity cannot be overemphasized, bul at the 
same time, it can be carried to extremes. If pushing a bullet to its speed limit 
causes a drop in accuracy which can be restored by a reduction in velocity of 
100 or 200 fps, so what? While it is true that velocity decreases down range 
and all bullets expand and perform best at certain velocities, it can be over 
done. The extra fps will make little difference. Each caliber, firearm, and 
hunter has a maximum effective range. Another 200 fps will not extend it 
enough to make any difference, particularly if it causes a loss in accuracy. 

Many wildcat cartridges can obtain muzzle velocities of 4,000 fps. 
Usually in smaller calibers such as .17 Remington, 240 and .247 Weatherby, 

220 Swift 22-250, etc. Necessary is a light bullet with a good ballistic 
coefficient, a case with ample capacity, and a long barrel with proper twist. 

+ Both ballistic tables and computer programs show the advantages of 
higher velocity. This may include flatter trajectory with less drop, better 
wind handling ability, excellent expansion, more energy, etc. Use caution 
and thought for the game or problem involved. In some cases, a heavier but 
slower bullet may be better for the range and game. 

* High velocity cartridges have a reputation for being undependable 
and inaccurate. This may be true in some instances, but it does not have to 
be. Hand-loaders who use extreme care can obtain excellent results. If a 
person is used to accepting a 5 percent error, for example, the error will be 
greater, Tighter tolerances are required to maintain consistent performance. 
* All of the power of movement in a bullet in flight is in the kinetic 
energy stored within itself in momentum. 

Ф A chronograph is an instrument for measuring and recording short 
durations of time, according to Webster's Dictionary. Although the modern 
electronic chronograph gives readings in feet per second, it still measures 
short intervals of time, which it converts to feet per second. (fps) 
Technically, an instrument or device to determine a projectile's velocity is 
not a chronograph unless it does its work by measuring short intervals of 
time. Several other methods are available to determine velocity, such as a 
ballistic pendulum that measures striking energy. 
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CHAPTER 14 


BALLISTIC COEFFICIENTS, SECTIONAL DENSITY, 
and FORM FACTORS 


Many people use ballistic coefficients in computations without 
understanding their function. This chapter should throw some light on the 
subject, even for those that are content to remain in the dark. 

We will be discussing three subjects that are intermixed. Sectional 
density and the form factor are included in the ballistic coefficient. It is 
important to mention that two of these items, the form factor and the ballistic 
coefficient, are both deceptive commodities that the average sportsman will 
be obtaining from charts rather than from testing on his own. They are both 
important because they relate directly to a projectile's ability to maintain 
forward velocity. 

BALLISTIC COEFFICIENT 

The ballistic coefficient is a measure of how well a bullet can 
overcome air resistance and maintain flight velocity. It is à number that is 
arrived at mathematically and equals the sectional density of the projectile 
divided by its coefficient of form. It can also be described as the ratio of the 
sectional density to its coefficient of form. It also is a ratio that compares the 
bullet to a standard bullet (projectile) that has been tested and therefore has 
known characteristics. The larger the number the more efficient. {Аг this 
point, these terms may be confusing, but they will be explained in detail.) 

The ballistic coefficient of a projectile is necessary to a trajectory 
calculation. Bullets sold for use by hand-loaders have the ballistic coefficient 
in the manufacturer's data. For some unknown reason, this information is 
seldom available for factary loaded ammunition. Complete trajectory tables 
are available but ballistic coefficients for the bullets used are not. (Note; this 
may change in the near future, but it was true at the time this was written, 
including for this expanded version.) 

A bullet's ability to retain as much muzzle velocity as possible is an 
important factor in both trajectory and game killing effectiveness. The 
ballistic coefficient possessed by the bullet will be a most important factor 
and the higher the number the better. The three points that govern the 
ballistic coefficient are weight, diameter, and shape. The first two can be 
used to create the sectional density. 

As will be shown, there is a benefit in knowing this information and 
it can be determined for all bullets, even if they are hand-made. 

It is well known that a bullet's design can affect the way it handles 
inadvertent tree limbs and also its stopping power in hunting and self- 
defense. The design also helps the aerodynamic aspects of the bullet. These 
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elements include the phenomena described elsewhere in this book as 
parasitic drag, bow wave, front air compression, and the partial vacuum at 
the rear of the bullet. The goal is to retain as much of the velocity as possible 
while using a bullet design that will do what the shooter wants it tà do. 

There are several discussions of kinetic energy in this book, Check 
the index and refer to them if needed. Remember two important points, (1) 
Kinetic energy is directly proportional to the mass of the moving object, a 
bullet in this case. For example, if their velocity is the same, а 100-grain 
bullet will impact at half the force as а 200-grain bullet. (2) Kinetic energy 
increases as the square of the velocity. For example, double the velocity of 
the bullet and the impact force will be increased four times. If the velocity is 
increased by three times, the impact force will increase by mine. Another way 
of explaining it would be to fire three bullets, all of the same weight, at 1,000 
feet per sec., 2,000 feet per sec., and 3,000 feet per sec. The second will hit 4 
times as hard as the first and the third 9 times as hard. If this is given some 
thought, it is impressive. 

The ballistic coefficient measures the bullet's ability to conquer air 
resistance. Mathematically, it is the ratio between the sectional density and 
the coefficient of form. The higher ballistic coefficient is preferable, as the 
projectile will hold its velocity better. It is available in charts and can also be 
arrived at by formula. Generally, it is best to use the charts published by the 
manufactures because a good amount of test firing is required. 

For custom bullets or amy bullet that is not listed on a chart, the 
ballistic coefficient can be taken or estimated from a similar bullet. Simply 
use caution and pick a bullet close in caliber, shape, and sectional density. 

The ballistic coefficient, when it is calculated from its form and 
nose shape, frequently works out different when it is test fired. We then have 
an effective coefficient that is more useful than the paper coefficient. The 
reasons for the inaccuracies in тапу paper ballistic coefficients are as 
numerous as there are misjudgments. The use of a different powder, load, or 
barrel can cause a bullet to fly differently and change the coefficient. The 
path through the air is frequently a very tiny helical (spiral) and rarely does it 
travel directly nose first, Shooting through screens or heavy paper will show 
us that bullets can wobble and this poor stability can be anywhere between 
the muzzle and the impact point. 

The best values are always based on test shooting under laboratory 
conditions. No matter how it looks on paper, it takes very little to change the 
flight and alter the ballistic coefficient. 

When a bullet's point is not changed, the ballistic coefficient will be 
raised by an increase in sectional density. The increase will usually enable 
the bullet to do a better job of holding its velocity, Although, in the interest 
of safe chamber pressure, the bullet with the lower sectional density may 
have a higher muzzle velocity and therefor a flatter trajectory. Notice that the 
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wording is “may have.” Ballistics is full of variables that can change the 
outcome, 

The ballistic coefficient contains both the sectional density factor 
and the coefficient of form (form factor). As mentioned, charts are the best 
source for this information. 

The ballistic coefficient should not change as the velocity decreases 
down range. That appears logical because the velocity and the coefficient are 
separate. Unfortunately, when the ballistic coefficient is used in tables and 
formulas, it is only true if the projectile is exactly the same as the projectile 
in the table or formula. The difference may be slight, but it will be 
noticeable. If the curve is plotted on a graph, the two curves will not 
coincided exactly. 

If this has all been too confusing, just remember that the ballistic 
coefficient is the comparative ability of a bullet to push through the air 
and hold its velocity. It is à comparison to a standard by a multiplier. 
Testing requires measuring the velocity drop over a known distance. 
SECTIONAL DENSITY 

Simplified, sectional density is its weight divided by its cross- 
sectional area. It is the expression used to describe the diameter of a bullet 
as compared to its weight. Stated in another way, it is the mathematical 
procedure that associates the mass of a projectile to its cross-sectional area. 
This is an important factor with the bullet's ability to sustain its velocity. 
Bullets with the most weight and the smallest diameters will have the higher 
sectional density. On the other hand, the less the bullet weight and the 
greater the diameter, the lower the sectional density. A heavier bullet has 
greater kinetic energy than a lighter bullet at the same velocity. A larger 
diameter bullet will have more air pressure build up at the forward end than 
one of smaller diameter. Therefore, the most proficient bullet will be the 
heaviest in proportion to its diameter. Of course, the easiest and most 
common way to make a bullet heavier and keep the same diameter is too 
make it longer. 

One way to express this in plain terms is that sectianal density is the 
weight that backs-up the bullet's diameter. If the bullet holds together, it will 
have greater penetration and more killing power, Sectional density is one of 
the bullet's most important characteristics, along with its shape, in 
maintaining velocity. It is саву to understand that a tennis ball will not 
proceed as strongly as a steel ball of the same size if they both have the same 
starting velocity. 

On the other side, high sectional density will resist the push down 
the barrel more than low sectional density, It is just more weight for the 
expanding gases to accelerate to a required velocity, Therefore, the heavier 
bullet will have heavier recoil than the lighter bullet if they are both loaded 
to the same pressure. (Remember Chapter 6 about recoil?) It will take a 
larger cartridge and more powder to push the bullet to speed. A bullet of low 
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sectional density can be pushed to a higher velocity and a flatter trajectory 
for long-range use, but by the time the light bullet reaches the target, it may 
have little velocity and energy left. Retained velocity at impact may be too 
low for bullet expansion and penetration. (Both covered in detail in Chapters 
16-24-25-26.) 
MATHEMATICS - SECTIONAL DENSITY 

Mathematically, sectional density is the ratio obtained by dividing 
ihe bullet's weight in pounds by the square of its diameter in inches. The 
bullet's weight in grains can be converted to pounds by dividing by 7,000, 
The area of a bullet's cross section increases with the square of the diameter, 
Therefore, we must square the bullet's diameter before it is divided into the 
weight. This is the usual method of computation, omitting the constant 
factor. 


* р Wi 

Where; 5D = sectional density 
w= bullet weight in pounds 
d = bullet diameter in inches 


For readers who like mathematics consider the weight of the bullet 
in pounds divided by .7854 4^, or 1 п times the square of the bullet 
diameter. 

NOTES ON SECTIONAL DENSITY 

Ф Air resistance is controlled by the cross-sectional area, which varies 
with the square of the diameter. Mass is what overcomes air resistance and it 
varies with the cube of the diameter. If you haven't been paying too much 
attention, one was square and the other cube. Consequently, with bullets that 
have the same properties, the ballistic coefficient will vary with the cube of 
the diameter divided by the square of the diameter, or simply with the 
diameter. 

+ A higher sectional density imparts a flatter trajectory for a particular 
muzzle velocity. Velocity loss adds to the flight time, and consequently its 
drop over a given distance. A bullet with low sectional density has a larger 
velocity loss, and it also has a greater bullet drop, and hence, a more curved 
and higher trajectory. This is based on equal velocity. 

Ф The bullet with the bigger sectional density will hold velocity better 
down range but it may have a more arched trajectory compared to the lighter 
bullet, which probably had a higher velocity, Note that this does not 
contradict the iem above, which is based on equal velocity. This item 
assumes the lighter bullet has a higher velocity than the heavier one. 

+ The higher the sectional density, the lower the muzzle velocities 
reachable with a given chamber pressure. This is опе of the few points that 
are not favorable to high sectional density. The increased weight is harder to 
push to velocity without using or requiring more pressure. 
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+ The greater the sectional density, the less velocity reduction after 
the bullet exits the muzzle. As explained in the last half of Chapter 13, 
bullets relinquish velocity because of air resistance. A bullet of high 
sectional density has a lower ratio of air resistance to momentum, so the loss 
of velacity is less. i 

+ If the caliber (diameter) stays the same, then doubling the weight 
will also double the sectional density, 

* The higher the sectional density, the less the projectile is affected 
by thé wind. Chapter 20 explains delay time in detail, but briefly it is the 
difference between a bullet's actual flight time and its time if it had not lost 
any velocity, This is the main factor in wind deflection. High sectional 
density helps retain velocity and that in turn, reduces delay time and wind 
drift 


* Sectional density is strongly influenced by the bullet's length, but 
the jacket thickness, the alloy used in the core, the shape (as blunt nose vs. 
pointed); all are included. 

* For equal bullet construction, the higher sectional density will have 
deeper penetration. This is due to increased momentum, greater velocity 
down range, and increased length to push in tlie expanded nose section. 

* The greater the sectional density, the less velocity reduction afier 
the bullet exits the muzzle. 

BRIEF SUMMERY ON SECTIONAL DENSITY 

This is an oversimplification, but we could state that a high 
sectional density lowers the internal ballistic performance inside the barrel. 
Outside the barrel, a high sectional density increases the ballistic 
performance. 

COEFFICIENT OF FORM 

The coefficient af form (also called form factor, coefficient of bullet 
shape, and coefficient af reduction) is a mathematical figure (a number or 
multiplier) of the bullet's shape, its smoothness and the shape of the base. In 
order of importance, shape is first. The advantage going toward the longer 
and sharper point and the shape from the tip back to the maximum diameter. 
The base has little importance on slow bullets but above the speed of sound 
the base becomes more significant. Smoothness has the least effect: due 
partly to the fact that few bullets are rough. 

Form factors are always a comparison of one bullet's air resistance 
to that of another. It formulates the effect of different shapes on bullets with 
the same sectional density. Another way lO express il, the form factor 
compares the shape of the bullet in question to the shape of a standard 
bullet used in a particular ballistic table, As you can imagine, it has 
limitations, 

It must be emphasized that the form factor is for a particular 
ballistic table and not for use on any and all ballistic tables. In other words, a 
particular bullet may have one form factor for an Ingalls table and a different 
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one for С-1 charts and still another form factor for another chart. In other 
words, there is no such thing as an absolute form factor for any bullet. 

Form factors cannot be calculated in the usual way. No method is 
known to calculate and describe the shape in numbers suitable for use in 
formulas. Firing tests are conducted for this purpase. 

SAMPLE FORM FACTORS 

These form factors are for examples only. Few will be exactly as 
listed, but in the absence of precise information for a particular chart, this 
should be a little help in showing how they are supplied. This is for basic 
knowledge only. For a form factor to be practical, it must be reasonably 
accurate and designed for the table being used. 

For more accuracy, subtract .06 for a boat-tail. Add .07 for a small 
exposed lead tip. If the exposed lead tip i add .20. 


Very sharp profile 
Moderately sharp profile pe 
Moderately sharp profile 

with a small flattened tip .85 
Moderately blunt profile 1.00 
Very blunt profile 1.20 


There are several charts that can be used for estimating the form 
factor by comparison of the bullet's shape to the shapes shown on the chart. 
The DuPont Co. and others have worked out ballistic charts of this type. If 
the person using the chart takes the time and effort to do it correctly, the 
result can be reasonably accurate. 

As just stated, the form factor is always for a particular table and 
based on the retardation of the standard bullet involved. Therefore, any chart 
of bullet shapes given in this text would probably not match a chart owned 
by the reader. A sample is given to show what they are like. 


SAMPLE OF À BULLET SHAPE CHART FOR FORM FACTORS 


Ogive 10 
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Also, there are formulas available, but ordinarily they do not work 
as well as the charts and other methods. They also are difficult for anyone 
other than a math whiz. You say you want to see one anyway? Okay, here is 
a formula for ogival-pointed bullets. 


2 án — 1 
ime 7 


Where с = form factor 

n = radius of the ogive curve in calibers 

For the radius m, consider the .30-'06 that has a 2.1-inch radius, 
which is 7 times the diameter of the bullet. This means it has a 7-caliber 
radius. Putting 7 into the formula in place of the л, we arrive at figure of .56 
for c, the form factor. 

AIR RESISTANCE FORMULAS & TABLES 

During the early history of ballistic research, many different ideas 
and methods were tried to compare projectiles by their drag resistance. All 
attempts tried to reduce it to a simple mathematical declaration. Many great 
thinkers of their time, including Sir Isaac Newton, worked hard on the 
problem. He said that the air resistance was proportional to the square of the 
velocity, This proved false for the velocities involved in almost all firearms, 
Later the decision was reached that a simple formula was not feasible. 

Testing and experiment was determined to be the only answer. A 
single bullet of a certain size and shape was used as a standard and all ihe 
others were compared to it by velocity and deceleration. This standard 
projectile had a 2 caliber nose radius (ogival head) on a 3 caliber length. It 
was given a ballistic coefficient of 1.000 and all others were compared to it. 
It is still normal to use 3 decimal places for the figure. Russian Colonel 
Mayevski and a German named Krupp, created this particular standard in 
1881. For all practical purposes, the constant multiplier called a ballistic 
coefficient was created at that time. 

The Commission d'Experience de Gávre of France conducted their 
firing tests in the late 1800's. In 1898, they published a report of their 
findings. They proved that air resistance could not be stated as proportional 
to the square of the velocity, as stated by Newton, They also said it could not 
be reduced to an easy formula. They published a table, which showed 
retardations for each velocity. This became familiar as the Gávre function. It 
was accepted and sealed the end of the hunt for a single formula. From then 
on, tables of actual values for each velocity, as discovered by firing tests, 
were used, 

U.S. Army Col. James M. Ingalls used Mayevski's research as a 
basis, and created his ballistic tables, which extend up to 3,600 f.p.s. First 
published in Artillery Circular M in 1918, and later with a few variations, his 
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tables are well known in the U. S. One set of his tables (No. 1) will compute 
the time of flight, the ballistic coefficient, and the velocity at a specified 
place in the trajectory, if the muzzle velocity and the velocity at some place 
in the trajectory 15 known. Another group of Ingalls tables (Table IT) will 
compute the angle of departure for any range from the muzzle velocity and 
the projectile's ballistic coefficient, Other items of information can be 
computed from these charts, depending on what facts are available. 
Interestingly, the Ingalls tables were originally designed for use with 
cannons, where curved trajectories are very noliceable because of the 
extended range. 

The British computed lables in 1909 that are about the same as 
Ingall's tables, except they go on up to 4,000 fips. They are known as the 
Hodsock tables and were based on a spitzer bullet with a flat base. 

Tables developed by the U, S. Army Ballistics Research Laboratory 
are more refined and use more recent data. In the 1930's, they conducted a 
huge amount of research into drag functions at the Aberdeen Proving 
Ground. They came up with their own tables for military use, which were 
based on the French tables and are known as G-function or О. (G for Gávre) 
These tables give the connection between velocity and retardation. Knowing 
the shape and the velacity, the retardation may be found. The military also 
researched and produced tables known as G; for use on projectiles that, 
instead of the standard shape, had a long pointed nose and a boattail 
(tapered) base. It has also been known as J function and J tables. The U.S. 
military have several methods, which they use for their special long-range 
problems. G; is used for boat-tail bullets, which perform differently above 
Mach 1 than standard bullets. 

À group of charts were produced by the engineers at the DuPont 
Company and published in 1926, Their numbers were for use in the дай 
Ballistics Tables, which are used in the U. 5. to calculate both velocity and 
trajectory. Col. J. M. Ingalls developed them. 

The C, coefficient is another similar method based on the бү drag 
law. The ammunition manufactures use C, and it is used in almost all factory 
charts. 

There have been many other different charts and tables published 
over the years. Of course, they are all approximate. 

The charts and their proper use are not included here because of the 
room invalved. To the reader not familiar with them, they appear to be an 
endless amount of pages filled with columns of numbers. Some charts 
require the use of higher mathematics and for others, the math. is easier. For 
the most part, they enable us to predict, based on the muzzle velocity, what 
the velocity would be at amy other point as the bullet decelerates. This is 
based on the retardation created by air resistance. Of course time is a major 
factor as is space - the space being the space passed over by the projectile as 
its’ velocity is slowing. (In this case, it is usually called space, although 
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distance would mean about the same thing.) In the tables, the time and space 
is the actual time and space that is used as the projectile slows from one 
velocity to another velocity. This will be for just the one projectile the chart 
is based on. 

A projectile of the same exact shape and diameter but with twice 
the weight would require multiplying the numbers by two. If the projectile 
had the same shape but was one-half the diameter, the basic mathematics we 
have mentioned earlier tells us that the cross sectional area will be one-fourth 
sa it will have one-fourth the retardation. This is the ballistic coefficient of 
the projectile and it is covered in detail earlier in this chapter. 

Sources for charts are available, including Exterior Ballistics by 
McShane, Kelley and Reno, 1953. To follow their book requires knowledge 
of higher mathematics, including differential and integral calculus. Exterior 
Ballistics of Small Arms Projectiles, by E. D. Lowry, Winchester- Western 
Div., is a long book full of ballistic tables. 

A home computer can work the problems fast and easy, and with 
excellent quality ballistic programs now available at very low prices, it is 
certainly the way іо ga. 

SHARP TIP PROBLEMS 

Bullets with sharp tips normally have an excellent ballistic 
coefficient. That is the good news. The bad news is that they are difficult to 
keep sharp and after damage is incurred, the ballistic coefficient and 
trajectory suffer greatly. 

Tips can be damaged in many ways. By dropping them on the floor 
or ground or by striking each other in clothes pockets and other places. 
Tubular magazines produce problems because as the firearm slams rearward 
with recoil, it can smash bullet tips into the front of the magazine or the rear 
end of a forward cartridge. A soft lead tip will be deformed rearward by the 
high G forces of acceleration. Perhaps the heat in the barrel is à slight 
contributing factor, but most likely, it is not. The same holds true for heat 
buildup from aerodynamic friction during flight. While it is theoretically 
possible, any change would be small and meaningless, 

Testing for the changes caused by tip damage is easy. If all the 
cartridges are from the same lot or hand-loaded the same, then it is a simple 
mater to chronograph undamaged bullets and then deliberately file the tip 
and check them, The comparison is interesting. Accuracy is not changed 
very much but the ballistic coefficient. can change dramatically. Muzzle 
velocity can drop as much as 10% and the ballistic coefficient can be cut in 
half. These are both large changes and show the value of protecting sharp 
tips. It also shows how the ballistic coefficient can be altered by a simple 
action, in this example, in the wrong direction. 

(Note: There is more on tip damage, including Norma factary tests 
in Chapter 16.) | 
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TESTING 

It is common to use two chronographs to check velocity at two 
locations and then use a computer program to figure the ballistic coefficient 
based on the velocity loss for the distance involved. 

To obtain ballistic coefficients by testing requires accuracy of the 
highest level, Distances have to be measured with a tape. Some people have 
tried home testing using a properly measured 1000-yard range and velocity 
from an accurate chronograph. The time from muzzle to target then becomes 
an obstacle, The accuracy has to be correct to the thousandth of a second. 
For example, a 30 caliber M72 match bullet will take 1.688 seconds to go 
1,000 yards. An error of .007 (7 thousandihs) of a second will change the 
ballistic coefficient by 5 %. 

Testing is more commonly accomplished by measuring the 
difference in velocity al 2 places, Remember that the loss of velocity is what 
the ballistic coefficient is all about. In the event that 2 chronographs are 
used, during the middle of the series, the instruments and their respective 
screens should be switched so any error or discrepancy will be cancelled out. 
They also should agree with each other as close as possible. One foot per 
second would be ideal. This can be accomplished by setting the screens one 
inside the other. That is one at perhaps 12' and the other at 10’. Both are set 
with the same midpoint and on bars so they (or just one) can be moved 
without any change. With test firing, they can be adjusted to read very close 
to each other and then moved apart to their proper location. 

The measurements should be taken as far apart as practical, If 
possible, 100 yards for rifles and 50 yards for handguns. Again, this is the 
distance apart of the two pairs of screens. The exact distance is not 
important, but it will have to be measured and known. Remember to fire a 
large enough quantity of shots that the result has a genuine meaning. 

The temperature, relative humidity, and barometric pressure are 
considered in every serious effort. The air resistance and cumulative drag are 
influenced by these atmospheric conditions which create an apparent change 
in the ballistic coefficient. Apparent because the projectile only behaves 
differently because of outside changes. The actual ballistic coefficient 
remains the same if based on standard atmospheric conditions. (Altitude at 
sea level, temperature 59" E. relative humidity 78% and a barometric 
pressure of 29.58" Hg.) An apparent higher ballistic coefficient results when 
the pressure decreases and the humidity, temperature and altitude increase. 
The ballistic coefficient will appear lower if the above conditions are 
reversed. Most factory figures are converted and reported at standard 
conditions. 

As you know from other sections of this book, the drag on a 
projectile is a function of air density. To correct for non-standard air density, 
we have to find the figure for the shooting range and the standard for the 
altitude. The correction factor is the ratio received by dividing the 
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standard pressure by the shooting range pressure. The number obtained 
is used as a multiplier. 

Do not use the pressure reading from TV or radio weather reports 
unless you and they are at sea level. The pressure given is adjusted for 
altitude. At sea level the static pressure of the air is 2,116 psf. (14.7 p.s.i.). 
At 40,000 feet, this static pressure decreases to approximately 19% of the sea 
level value. This gradual change is factored into the weather report pressure 
readings. 

To properly sct a barometer, take it physically to an airport weather 
bureau or Federal Aviation Flight Service Station, Both will have an 
accurate barometer and know their exact altitude above sea level. Both 
places will provide JCAQ Standard Atmosphere. This will yield a smaller 
ballistic coefficient than the Standard Adetro Atmosphere used in factory 
calculations. The difference will be very small at less than 2%. 

To correct for non-standard temperature, we must add 459.4 to each 
temperature to obtain a reading on the Rankin scale. (This is explained in 
detail See page 37.) After the additions, the multiplier is obtained by 
dividing the standard temperature into the shooting range temperature. 

The humidity correction is difficult to perform and it makes such a 
tiny change in the ballistic coefficient that it may be skipped. 

Example: Standard conditions were listed a few paragraphs ago as 
59" Е. 29,53" and 78%, For our example we will give the shooting range 
conditions as 90° F., 29.20" pressure and 88% relative humidity, For our 
example, the original ballistic coefficient can be 342 

Barometric pressure correction factor is 29,53 / 29.20 = LOLI 

Temperature correction factor: (90 + 459.4) / (59 + 459.4) = 1.0598 

Temperature factor * Barometric pressure factor * Original ballistic 
coefficient = Corrected ballistic coefficient ( 1.059 * LOLI * 342 = 366 ) 

While we would like to think that this would give us an accurate 
figure, И will not. It will be closer than if we did nothing, but it will still be 
just an approximation. Tables are available that list multipliers. made from 
the ratio between the actual density at the time and place involved and the 
standard. Corrections that complex are not usually necessary. In our modern 
times, when that type of accuracy is required, it is usually figured on a 
computer with a ballistics program. 

VARIABLES 

The temperature, relative humidity, and barometric pressure have 
been mentioned as factors influencing testing for ballistic coefficients, Also 
having an effect are the firearm and the amount of twist in the barrel and the 
velocity. There is a lot of discussion about Byroscopic stability elsewhere in 
this book, so refer to it as needed, because that is another problem. Any 
bullet that is unstable, wobbles, yaws ог is moving in any way other than 
dead straight and point-on, will loose velocity faster and have a lower 
ballistic coefficient. And almost all bullets will have at least one of these or a 
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varying amount of several. Bullets that have traveled far down range will be 
more stabilized and give higher readings. All of these variables will have an 
influence on the test results and they are some of the reasons why it is 
difficult to match factory figures. It is common to even obtain different 
results from shot to shot. The bullet's shape and ballistic coefficient should 
be the same, and may be, but all of these things cause deceleration of 
velocity and change the final figures. 

BALLISTICS OF SPHERES (round balls) 

The ballistic coefficient of rownd balls is figured the same as other 
projectiles. The shape always being spherical, the sectional density, 
consisting of weight and area, is the main ingredient. It will be low by 
comparison to other shapes. The usual formula applies. 

The sectional density of a sphere varies directly as its diameter. 
Therefore, if we double the diameter we will also double the sectional 
density. This, in turn, will halve the velocity loss. Remember that sectional 
density is the projectile's weight in proportion to the square of its diameter. 

To compare a round ball's velocity loss to other bullets, we will use 
a normal bullet for a standard. One with a sharp point and an ogival head 
with a short 2 caliber radius. If we give it a velocity loss rate of 1.0, then a 
bullet with a longer sharp point would be about 0.6 with 7.0 for a round ball. 
Notice the decimal point position. This is a big difference because the ball's 
velocity will drop 7 times as fast as a standard bullet. In this example, we are 
assuming all projectiles have the same diameter, but not the same weights. 
BASIC MATHEMATICS FOR SPHERES 

If the bore diameter is doubled, the bore area increases 4 times (2^). 
A ball projectile for the bigger bore would be 8 times (2°) heavier than the 
smaller. If the density and other factors are equal, the ratio of the bore area to 
the ball weight increases as 2° / 2°. 

NOTES and RULES 

* Some bullets are deformed in ihe barrel by pressure and 
acceleration. This is rare with many modern bullets, but lead bullets are not 
immune to this problem. This changes the shape of the bullet and alters its 
aerodynamic capabilities, form factor, and ballistic coefficient Bullet 
retrieval methods are explained in this book. (See index.) They may help 
determine if this is happening. 

* If the ballistic coefficient is identical, the biggest caliber will have 
the most kinetic energy, but for exceptional long-range performance, high 
muzzle velocity is à prime requirement. 

Ф Yaw is a normal occurrence near the muzzle. This will increase the 
aerodynamic drag compared to a bullet moving properly point-on and, in 
turn, lower the ballistic coefficient. This is one reason for not placing 
chronograph screens too close to the muzzle. A proper rifling twist for 
stability is necessary, as discussed in Chapter 12 on rifling and twist. 


181 


+ A high ballistic coefficient is vilal in reducing wind deflection. The 
time lag discussed is a result of atmospheric drag and the ballistic coefficient 
measures how well a bullet performs against drag. The result is that a high 
ballistic coefficient will have less wind deflection, all else equal. 


* An increase in bullet weight will also increase the ballistic 
coefficient but it will also lower muzzle velocity, if all else stays the same. 

+ There are always compromises. A game bullet must be effective on 
game, even if it gives up some trajectory qualities in favor of stopping 
power. 

Ф The ballistic coefficient is as important as velocity and easier to 


upgrade. If the average cartridge case is lengthened by 200", the velocity 
will only increase 2% or 3%. Instead, add the .200" to the length of the 
bullet's head and the ballistic coefficient jumps by 35% to 40%. 

+ A bullet with a high ballistic coefficient will spend less flight time 
over а given distance, all other factors being equal, so il will have less wind 
deflection, The lag time from drag will be less. A higher ballistic coefficient 
brings a flatter trajectory and more velocity and kinetic energy delivered to 
the target. A higher ballistic coefficient will have a lower form factor. A 
higher bullet weight will increase the ballistic coefficient. 

+ Bullets with identical ballistic coefficients, fired at the exact same 
velocity, will always have exactly the same trajectories. 

* The ballistic coefficient is directly proportional to the sectional 
density if the bullets have the same shape. 

+ For the utmost accuracy, it would be necessary to create and use а 
ballistic coefficient that changed with velocity changes. 

* The ballistic coefficient is a simple multiplier. 

* A bullet with a lower ballistic coefficient, as compared to a higher 
one, will have a slightly more arched trajectory, a lower velocity and lower 
energy delivered downrange. The energy loss will be, in most cases, more 
pronounced than the other two. 

FOUR MAIN POINTS (from above) 

1. Decreasing the form factor (streamlining) will increase the 
ballistic coefficient for a given bullet weight and caliber. 

2. The higher the ballistic coefficient for a given weight, the flatter 
the trajectory, the less wind deflection and the higher the velocity and kinetic 
energy al a specified range. 

J. Increasing the bullet weight will increase the ballistic coefficient 
for a given caliber and form factor (shape). 

4. When we increase the ballistic coefficient of a projectile of a 
given weight, we also increase its energy and velocity at any given down 
range position, we flatten its trajectory, and we reduce its wind deflection for 
a given wind condition. 
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MATHEMATICS 
Air resistance is based mostly on the cross-sectional area of a bullet, 
which in tum varies with the square of the diameter. Mass is one of the main 
things which will defeat air resistance and it varies with the cube of the 
diameter. For readers not paying attention, they were both different. The first 
was based on the square and the latter on the cube, Therefore, for bullets 
with the same comparative proportions (not properties), their ballistic 
coefficients will vary with the cube of the diameter divided by the square of 
the diameter. This mathematically brings us back to the same diameter we 
started with. So, a .25 caliber bullet with the same shape as a .50 caliber 
bullet will have a ballistic coefficient of half as much. So, with bullets of 
different calibers but of similar shapes fired at similar velocities, the ballistic 
coefficient will be proportional to the weight divided by the square of the 
diameter. This will be in ratio to their diameters. (If that gobbledegook was 
confusing read on and it will become easier. If necessary, reread this 
paragraph. ) 
* There arc two basic formulas for determining ballistic coefficients 
under standard conditions. The second formula is the more accurate and the 
C=SD/i also C=wlid 
Where: C = ballistic coefficient 
і = form factor from bullet's shape 
SD = sectional density 
w = bullet weight in pounds 
d= diameter 
Example of 2nd formula: bullet weight 200-grains + 7000 = 
02857, diameter 308 inches, form factor .75. 
02857 / (.75) (308) = „40155 or .40 
The form factor ( i ) can be stated as the ratio of the drag coefficient 
of a standard bullet to the drag coefficient of the bullet in question. With all 
bullets being different in shape, size, and weight, they will all have different 
numbers than the standard. (No one said this was going to be easy.) 
The form factor in various formulas is designated as і, as п, and as 
с. The use of c can be confused with the C that is normally used to designate 
the ballistic coefficient. While the use of c or C is common, here we are 
using i because there is less chance of confusion. 
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TABLE OF BALLISTIC COEFFICIENTS 
OF FACTORY-LOADED BULLETS 


Brand: R=Remingion, W=Winchester, F=Federal 

Type: P=Pointed, — S-Semi-Pointed, R=Round Nose, F-Flat-Nose, 
SWC =Semi-Wadcutter, | HP-Hollow-Point, SP=Soft-Point, 

SX-Special Expanding, FJ=Full-Jacket, BT=Boat-tail, LD=Lead. 


Bullet Bullet B.C.(C1) 

Caliber Brand weight type 

.17 Rem. R 25 P-HP ESI 
22 Home R/W 45 5-SP ‚13 
‚422 Rem, RWF 50 P-SP ,175 
.223 Rem, RWF 55 P-SP .201 
243 Win. RW BU P-SP .255 
6mm Rem. R'W/F 100 P-SP 356 
250 Sav. wW 87 P-SP ‚263 
‚257 Rob. Ww 100 S-S5X 254 
257 Rob. RW 117 R-SP 24 
‚25-06 EW 120 P-5P 362 
6.5 R Mag. R 120 P-SP 324 
‚264 W. Мар, W 100 Р-ЄР 254 
‚264 W. Mag. RAV 140 P-SP .385 
270 Win. RAW 100 P-SP 251 
‚270 Win. R/W/F 130 P-5X 372 
270 Win. R/F 150 5-5P 261 
270 Win. wW 150 P-SX 344 
"тип Maus. F 139 P-SP 331 
7mm Maus. R 140 P-SP 39 
7mm Maus. WIF 175 R-SP 273 
7пип-08 R 140 P-SP 39 
7mm Exp. R 150 P-SP 346 
7mm R. Mag. R/W/F 150 P-SP 346 
7mm R Mag. RWF 175 P-SP 427 
40 Carb. R/W/F 110 R-SP 166 
30-30 W/F 150 F-SP 218 
30-30) RAWE 170 F-SP 254 
508 Win. wW 110 P-SP 186 
308 Win, R/W/F 150 P-SP 314 
‚308 Win. R/W i80 S-SP 248 
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Bullet Bullet В.С.(С1) 


Caliber Brand weight type 

208 Win. Ww 200 &-8X „345 
„30-06 R/W 125 P-5P 268 
30-06 R 165 P-SP .338 
30-06 F 165 P-BT AT 
30-06 F 200 P-BT .585 
30-06 RAW 220 R-SP 294 
Ети Maus. R/W 170 R-SP 205 
Sin Maus. Е 185 Р-8Р ‚3 
$mm R Mag. R 220 P-SP .366 
.338 W Mag wW 200 P-SP 308 
338W Mag W 225 Р-р 433 
338 W Mag Ww 250 5-5Х 329 
375 Win. Ww 200 F-SP 215 
375 H&H R/W 270 5-5P 326 
375 H&H RW 300 R-FI 234 
444 Mar. R 240 F-SP ‚146 
444 Mar. R 265 F-5P 193 
45-70 R/W 405 F-SP .281 
A58 W Mag. RW 500 В-ЕЈ 345 
321 Fireball R 50 P-SP .163 
325&W L RW 98 R-LD 12 
38 Spl. R/W/F 158 R-LD 149 
38 Spl RW 158 Swe 146 
357 Mag. R/W 110 F-HP .099 
.357 Mag. R/W/F 125 F-HP 124 
357 Mag. R/W/F 158 F-SP 145 
41 Mag. RW 210 F-5P 159 
44 Mag. RF 180 F-HP 123 
44 Mag. Е 240 SWC ‚143 
‚44 Mag. R/F 240 F-HP 172 
A5 ACP R/F 185 F-HP .I48 
A5 ACP R/W/F 230 R-FI 158 
45 Colt RW 255 F-LD 142 


This 2 page chart is printed with the permission of the NRA's 
The American Rifleman magazine and Mr. William C. Davis, Jr. Both 
have helped with their generous permission at several places in this 
book and it is a pleasure to thank them once again. 


NUMERICAL INTEGRATION 

Numerical integration was a method in use in the early part of the 
20th. Century and it was still widely used in some locations through WW2, 
It consists of 2 volumes of tables. They are titled; Exterior Ballistic Tables 
based on Numerical integration. The first volume gives the elements of 
trajectories tabulated for conditions at the summit in 689 pages. Volume II 
gives the elements tabulated for conditions at the gun. Another volume titled 
Range and Ballistic Tables is 123 pages in length. These are large books at 
12" by 92" To the reader not familiar with them, they appear to be an 
endless amount of pages filled with columns of numbers. They require 
knowledge of advanced mathematics and are seldom seen or used today, It is 
à complicated mathematical technique, which works out the trajectory based 
on detailed information on drag coefficients and velocity for the bullet in 
question. They are used for time, distance, and horizontal & vertical velocity 
component. 

The tables are capable of giving results within a preassigned degree 
of accuracy and yield vastly more precise figures than justified by the 
physical data available or the physical assumptions employed. This precision 
is obtained, however, at no extravagant sacrifice to labor, and obtains regular 
results. 

These charts consider the most obvious influences affecting a 
projectile in flight, the gravitational force and its acceleration, and air 
resistance, They also consider the air density function, the rotation of the 
earth, wind effects, temperature changes, variations from standard pressure, 
and the curvature at sea level. All of these items are considered in one way 
or anather, 

The proper use of these charts requires directions that are frequently 
not included in the books themselves, One excellent source of information 
and instructions is entitled Physical Bases of Ballistic Table Computations. It 
is а large (9" x 12") publication consisting of 17 pages and published by the 
О. S. Army. 
| The books and charts were devised and printed by the Ballistic 
Section of the Ordnance Department, U. 5. Army, 
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CHAPTER 15 


CARTRIDGE DETAILS 


We have progressed a long way from the earliest firearms of the 
1300's when man used а burning stick or а fiery cinder to ignite а Aand 
cannon. A few of the more advanced methods of ignition, the wheel lock, 
and flintlock, came later. Different types of percussion caps and primers 
were used in the early to mid 1800's. LeFaucheax of Paris was credited with 
the first self-contained cartridge with his pin-fire design in 1836. 

One of the most important ideas in firearms was the addition of the 
primung material powder, and bullet all together in one package called a 
cartridge. Smith & Wesson of Springfield, Massachusetts obtained U, 8. 
Patent No. 11,496 for this idea оп Aug. 8, 1854. The idea was rather crude 
until 5 & W refined it with Patent No. 14,147 dated Jan. 22, 1856. This was 
known as the Volcanic cartridge and as a money maker, it was a flop. It was 
also a giant step down the correct road. 

Beginning in November of 1857, 5 & W began selling their No. 1 
tip-up revolvers with their new invention, rimfire cartridges. Although not 
granted U.S. Patent no 27,933 until April 17, 1860, for all purposes, the era 
of modem cartridges began in late 1857. Many improvements have been 
made over the years, but that was the first time shooters had the bullet, 
powder and primer all together in a single and practical package. This 
invention enabled the repeater to at last become a reality. Designed by Morse 
and Martin, centerfire cartridges soon followed. That invention led to the 
reloadable case with renewable primers. As you can sce, the modem 
cartridge and firearm is a result of a gradual development over many 
centuries. 

A cartridge case is more important in the operation of a firearm than 
frequently realized. It has more to do than just being a container to hold 
together the powder and the projectile. It has to hold the gas under intense 
heal and pressure and seal the chamber so the only escape is out the bore. 

Modern trends in cartridge design lean towards increasing the 
range, increasing the velocity, reducing recoil, and obtaining these goals 
with lighter and smaller cartridges. The use of higher strength materials and 
greater uniformity is an aid in accomplishing these objectives. Of course, 
proper design, enhanced by modern computers, is still essential. 

This chapter will not attempt to discuss the many aspects of 
cartridge work that are involved in hand loading We will remain with 
ballistic concerns and remind readers interested in hand loading to purchase 
one or more good reloading manuals and/or one of the excellent computer 
programs available. 
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RIMFIRE VS. CENTER-FIRE 

Modern cartridges are divided into two groups, rimfire (R.F.) and 
center-fire (C.F.). Both are self-contained with a primer, projectile, and the 
powder together in one case. The primer is ignited by an impact from the 
firing pin. This flash creates heat and pressure, which ignites the powder 
charge. The main difference between the two types is the primer location. 

In a rimfire cartridge, the primer is located in a ring around the 
outside of the base. It is not practical to reload a rimfire case and this is one 
of the main reasons the larger sizes disappeared from the scene. Today, most 
are in 22 caliber, but many fine older guns, such as Smith & Wesson 
revolvers and Remington rolling block rifles, were made in larger rimfire 
calibers. The R.F. case is inherently weaker than the C.F. type and it cannot 
handle as much pressure. 

Center-fire cartridges are easily reloaded. The primer is located in a 
cupped pocket in the center of the case head. This cup is easily changed 
during the hand-loading process. A small hole, called a flash hole, permits 
the pressure to force the heat onto the powder and ignite it 


priming compound 


FLASH TUBE DESIGN 

The charge is ignited at the back and the rapidly expanding gas 
frequently pushes some unburned powder down the bore behind the bullet. 
The ignition is completed outside the cartridge in the barrel. In an ideal 
situation, all of the burning will take place inside of the case. 

Engineers and experimenters have tried flash tubes since back in the 
сапу 1870's with the Corliss Front Ignition. The idea is for the primer flash 
fo move down the tube to the forward end and ignite the powder just behind 
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the base of the bullet. The flash or burn will then move away from the 
canridge opening, burning the powder more effectively and with less 
damage to the rifling and adjoining area in front of the cartridge. Also, the 
expanding gas does not have to move both the bullet and the powder behind 
the bullet. 


Capt. Prince's | experimental front ignition "flash tube" design from the 
U. S. Army's Frankfort Arsenal, Philadelphia PA in 1873, 


It sounds good in theory and tests have shown an increase in 
velocity with a flatter trajectory. So why is it not used? It is neither cost 
effective or practical to manufacture, The initial cost to produce would be 
much higher and the cases cannot be easily reprimed and reloaded. There are 
also headaches involved in powder choices. Some experimenters have gone 
so far as to make a steel base that threaded to a brass cartridge. The flash 
tube was threaded to the base with 48 threads to the inch. It is easy to admire 
the machining skill that was needed for this project, but it was not without 
problems. In some of the tests, the flash tube would come loose and blow out 
the barrel with the expanding gases. 

CARTRIDGE DESIGN VARIABLES 

The case design is an important and yet sometimes overlooked 
issue. It not only can influence the bullet's flight but also the wear and bore 
condition of the firearm. The shooter has some control over this item with 
his choice of gun and cartridges. Nevertheless, the average gun owner's 
options are limited. Hand-loaders and experimenters are not the average gun 
owner and they are usually intelligent and inventive. They frequently find a 
way 10 change something if they believe it can be improved. 

What appears to be a straight case will often have a slight taper to 
ease extraction. Modern firearms have strong extractors but a slight taper is 
still helpful. But, a straight wall grips the chamber better as it expands under 
ignition pressure. The grip helps to hold the cartridge from exerting iis full 
force on the breech or bolt face. As you can imagine, the grip involved is 
small and the reduction is also small, but not enough to make any difference 
in a well-built and undamaged firearm. Many cases will be a compromise to 
help with extraction and still ease the pressure toward the rear. 
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Bullets that are short and light weight and moved at high velocity 
are frequently fired from cases with long necks. Used for powder space in 
this design, the long necks were used in the past to deeply seat long bullets. 

Frequently, a long tapered shoulder will cut into bore life. Large 
cases necked down can cause the same problem, Some cartridges of this type 
permit the ignition to push out some of the powder with the bullet. This can 
happen with any case type, but it is not good. This causes combustion 
erosion, The burning powder damages the starting (lead) section of the 
rifling and can cause erratic velocities and pressures. The life and accuracy 
af the barrel are shortened. 

A rounded convex shoulder is used to control a slow burning 
powder and obtain complete burning. An unusually big powder charge is 
also better controlled in a cartridge with a convex shoulder. The heat is 
directed back more as with the sharp shoulder. 

This is debatable, but many people believe that sharp shoulders do a 
better job of keeping the powder and ignition in the cartridge case. The heat 
is directed back toward the powder to improve efficiency, 

Note: Hand-loaders and experimenters should use much 
caution when changing flash hole size or primer types. Some people 
believe these changes do not increase pressure, but they can. Dangerous 
excessive pressure can blow up a gun in tbe shooter's face. While tesis 
show that the pressure increase is usually very low, the increase can also be 
uncommonly high. 5o many variables can change the outcome that it pays to 
error on the side of caution. 

Modern rifle cartridges have been greatly improved over earlier 
versions. Long sloping shoulders are now steeper and sharper. This 25" to 
35° shoulder helps to hold the powder in the case longer. This, in turn, 
improves combustion and helps to reduce brass flow, which is a major cause 
of shortened case life. This altered angle also permits a slightly larger 
powder load. Although, as we discuss in this book under expansion ratio and 
pressure, the amount of powder can be excessive for the gun's bore size. 

A series of tests were described in The American Rifleman during 
Ше summer of 1946 and mentioned again in 1981. Three cases were tested; 
all of the same capacity and all necked to take identical 22 caliber bullets, 
One case had a conventional body taper and a long 14" shoulder. Another 
had a very long body taper and a 35" shoulder. The third had a small body 
taper and a concave-radius shoulder. 

Velocities and pressures were measured by both electronic- 
transducer and copper-crusher methods. It was reported that the 
performance was almost identical, within the expected errors. This very 
carefully controlled laboratory experiment found no difference in ballistic 
performance, 
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So is all of this deliberation on cartridge design a waste of time? Of 
course not, but it does show thal some theories, no matter how well meaning 
and well founded, are not as useful as expected. 

VOLUME 

Cartridge volume is the primary element in projectile muzzle 
velocity and energy. More valume, more push. Of course, it isn't that simple 
as there are other points to consider, but the amount of powder available is 
important. The main difference between a .38 special and a .357 Magnum is 
about one tenth of an inch in case length and the additional volume. 
(Regardless of the designation, the calibers are equivalent.) 

A simple way to determine volume is to weigh an empty case on the 
powder scales and write down the amount. Then fill the case with water up 
to the line where the bullet's base would be, and weigh it again. The 
difference will be the volume as expressed in weight of water. Where the 
bullet's base should set can be measured with a depth micrometer on the 
bullet and then used at the same setting to obtain water depth. Also you can 
file or cut a small lengthwise groove in the neck so the waler can be forced 
out as the bullet is seated to proper position. 

The weight can be converted to cubic inch capacity by dividing the 
weight of the water by 252.4 or if the answer is wanted in cubic centimeters, 
divide by 15,4, 

A few details; One-grain avoirdupois is equal to .0647 grams. One- 

Eram is equal to 15.432 grains and one-gram weight of water is equal 10 onc 
cubic centimeter (c.c.), as the specific gravity of water is 1.00: 
* Let us assume the cartridge case capacity is known and the bullet 
sealing is not accounted for, or in other words, the capacity of the case is 
figured by filling with water to the very top. We can find the weight of the 
water displaced by seating the bullet and subtract it from the full capacity to 
obtain powder space capacity with this formula. 

W-S8*IY*198 
Where; W = weight of displaced water in grains 

5 = sealing depth in inches 

D — diameter of bullet in inches 

* If instead, the actual volume of the powder space is known, the 
density is numerically equal ta the charge weight in grams divided by the 
volume in cubic centimeters. This is based on one cubic centimeter of water 
weighing one gram. 

* The formula for volume of a straight cylinder is 


к= mr 
Where: v volume 
A= height 
r= radius 
* The volume of a sphere is v24/3mr? 


192 


ENERGY CALCULATIONS 

There are numerous formulas dealing with energy in this book, but 
for readers who can't get enough of this nerdy mathematical stuff, here are a 
few more that may be handy. 

+ The equation for converting propellant potential energy into 
projectile kinetic energy 15; KE=% Е * PE 
Where: KE = kinetic energy in foot-pounds 

‘ae = efficiency of gun-cartridge 

PE = potential energy in propellant in foot pounds 

The equation of potential energy i5: 

* For potential energy usc: PE = Wp * PEg 
Where: PE = potential energy in the propellant 
p= powder weight 

PEg = potential energy per grain of powder (For a reasonably 
accurate estimate, you may use 165 foot-pounds per grain.) 

* From the two above, we can derive: KE = Ss. Ex Wp * PEg 
LOADING DENSITY & BULK DENSITY 

This is one of the most frequently misunderstood terms in 
ballistics, Probably 80% of the dictionaries and encyclopedias that deal 
exclusively with firearm words and phrases have given false information; 
therefore, it is no wonder that hardly anyone understands it correctly. The 
result could be dangerous for hand-loaders, so it is not something to take 
lightly, although it can make a nice test. Ask any person who claims to be an 
expert on firearm ballistics to explain loading density. If they say it is the 
volume of the charge to the volume of the chamber (percentage of volume), 
they will be giving a common answer, but also a wrong answer. 

The loading density refers to the ratio between the charge weight 
and the water weight that will fill the powder space in the case. If the case is 
filled with powder to the base of the bullet or has an air space, the actual 
loading density may be identical. Loading density is a dimensionless ratio 
with no concern with whether the space available is full or half full or 
whatever. It is the ratio of the weight of the charge to the weight af water the 
case could hold up to the base of the bullet. This is related to chamber 
pressure. The more loading density, the more efficient the powder burns. If 
that is confusing, keep reading. It will be explained in more detail. 

Bulk density, as it relates to powder, is a ratio between the powder 
weight a case can hold to capacity and the water weight that could be in the 
same space. Notice that for loading density, the powder term was charge 
weight and for bulk density the term is capacity (space). A small but very 
essential difference. 

Examples: (1) We use a powder with a bulk density of 60 and a 
case that would hold 100 grains of water, and fill the case full with 60 grains 
of that specific powder. (2) A powder with a bulk density of 1.0 would fill 
any case equal to water, that is, say, 75 grains of water or 75 grains of 
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powder. (3) If a case held 62 grains of water and we used a powder with a 
bulk density of .80, the full capacity would be 62 * .80 = 49.6 grains of 
powder. The figures used in the examples are all based on no compression or 
vibrating techniques to settle the powder. As shown, each example is filled 
to the limit but only the second illustration has a 1.0 loading density. 
The first example would have a loading density of .60 and the third a 
loading density of 80. 

The water capacity is an inverse function of case weight, Brass has 
a specific gravity of 8.44 and water 1.00, Dividing the specific gravity of 
water by the specific gravity of brass gives almost 12 % (11.84%). That is 
the weight of the water displaced by adding more brass to the case. In hand 
loading, for example, if a cartridge case of one type is being substituted for 
another, the loading density should remain the same. If the case is smaller, 
the powder charge weight should be reduced by about 12% of the difference 
in case weights to keep a similar chamber pressure. Another way of wording 
it; the numerator (top number) of the ratio must be dropped in the same 
proportion as the denominator (bottom number). 

CASE VARIATIONS 

Even with what appears to be the exact same cartridge, to 
paraphrase, not all cases are created equal, From the same manufacturer they 
can vary in volume and weight. There is always a difference between 
military and commercial. The weight of the cases can vary by a large amount 
because of the brass thickness. As expected, the heavier the case the thicker 
the brass and the longer the case life. Military cases are heavier and thicker 
and last longer than commercial cases. 

Because of brass expansion, case volume not weight will increase 
some after firing, even in a tight minimum size chamber, The difference will 
be large enough to be detected and measured by the water method. 

Case capacity governs the powder amount needed with the heavier 
case having the smallest inside capacity and calling for less powder, all other 
things equal. The lighter case would be the reverse and need mare powder 
for a large inside capacity. 

If extreme accuracy is desired, hand-loaders will want to vary the 
powder charge to suit the case. Also notice that velocit y variations caused by 
case valume differences will be somewhat larger with reduced loads. 
POWDER COMPRESSING | 

It is common practice with some cartridges to compress the powder 
and compact it into the case when seating the bullet. This is normal and safe 
if done correctly and moderately. The ballistic effect on pressure, velocity, 
and trajectory is almost zero. 

CASE BULGES 

It has been said the bulge in a case is caused by gravity pulling 
down the low side. This is totally beyond reason, The accelerating tendency 
of bodies toward the earth by gravity is almost nothing at 32.17-ft. per. 
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second, per second compared to the 10,000 p.s.i. tà 65,000 p.s.i. required to 
deform the brass in а normal case. A thin wall area where the clastic limit is 
exceeded will cause a permanent deformation, which will be left after the 
pressure lowers. In plain terms, an area that is weaker than the rest of the 
case compared with the pressure involved. 
ACCURACY 

Bullets that are slightly tilted in the case, in other words, seated 
poorly, can adversely affect hand-loaded ammunition. Testing shows a 
difference of about a 2 minute of angle between properly seated straight 
bullets and those seated at a slight angle to the case. For most shooting, this 
is not enough difference to be of any concem, however for long range target 
work it can be the difference between a win or a loss. An indicator reading of 
run out between the bullet (at just back of the ogive) and the case as small as 
.005" (five thousands of an inch) can open up a group. 

For the utmost in long range accuracy, every variable must be 
eliminated. Cases should be checked for uniformity in all areas including 
wall thickness, powder capacity, head square with case axis, neck wall 
concentricity, outside diameter of case in relation to inside chamber 
diameter, case length, etc. etc. Any case that does not meet strict 
requirements, even if new, shauld not be used during a match. New cases 
should be fire-formed at reduced loads and lightly lubricated so they can slip 
back in the chamber easily. This will help to prevent the customary thinning 
and stretching of the case. The case should then be carefully checked again. 

The key word is uniformity with no variations of any kind in gun, 
technique, cartridges, сіс. Match winning requires each shot be in or about 
the same as the previous shot and the one before that, and so on. It is much 
harder to do than read or write about. 
CONCENTRICITY 

Concentricity is important in cartridge performance. The problem, 
as the word is used in technical jargon, it is very difficult to determine 
concentricity with accuracy. All round surfaces need a common center, 
Runout is not the same, although important. A check that uses V-blocks will 
never give the nceded infarmation. Instead of rotating the object on its outer 
surface, it must be held, even if on the outer surface, so that the true axis 
centerline will be the center of rotation. If held on the outer surface, it must 
be held in a manner that will permit shifting and adjustment, as in à 4-jaw 
chuck in a metal cutting lathe or an inspection fixture. In either case, the 
center point must be discernible. Holding between centers im a lathe or 
fixture is acceptable only if the centers are, in fact, on the true axis. As you 
can see, it is a tough technical subject that is occasionally messed up by even 
some of the best machine shop inspectors. 
BRASS CASES 

Although steel, zinc, plastic, and aluminum have been used, some 
experimentally, a composition of 70° copper and 30° zinc is the most 
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commonly used material for cartridge cases. 

Brass cases are manufactured by hammering and forcing brass 
material through several forming dies. This requires high pressure and 
generates heat. Not only is the case forced into the proper shape and size, but 
also the work hardening tightens the grain structure and hardens the brass in 
the critical head area. 

Turning and boring on а metal cutting lathe can make odd and rare 
sizes of brass cartridges from bar stock, The biggest problem is that even 
when the right raw material is used, the hardness is not correct. Usually 
some annealing will be required to prevent cracks near the mouth and 
sometimes at the shoulder, The head hardness will also require some careful 
work. 

The bad news is brass is generally harder to anneal and harden with 
accuracy, when compared to steel. The good news is custom cartridges of 
this type are usually made for rare old guns that use black powder or 
equivalent low pressure, so the stress problems are not as critical. 
ALUMINUM CASES 

Aluminum is used in some cartridge cases, but it isn't а new idea. It 
was first tried in about 1895 for the .30-40 Krag rifle. Aluminum cases are 
weaker and tend to split easier, as compared to brass cases, so they are not 
reloadable. 

HEADSPACE 

Headspace is the distance that a cartridge case can stretch out or 
move lengthwise after the breech has been closed and locked. It will be 
measured in a slightly different way according to the type of cartridge used. 
Another way of wording it would be the distance in the breech or chamber 
between the rear face and the front part where the cartridge is held or 
located. Its accuracy can be vital for both performance and safety. 

Rimmed cartridges have a flange on the head of the case: i.e. the 
head has a larger diameter than the body of the case. With this type of 
cartridge, the headspace distance is from the breech block face to the rear 
chamber surface where the forward рап of the rim is positioned. This applies 
to both rimfire and centerfire cartridges. (The datum diameter ог shoulder.) 
The commercial .30-'06 is an example, although the military. 30-06 is 
measured by a different method. 

Rimless bottlenecked cartridges have a shoulder where the case 
neck joins the body. This comes in contact with a stop (on the angled 
surface) in the chamber to prevent the case from going too deep, There is 
always a specific point on this surface. This type cannot be measured with 
ordinary equipment because it is the distance from the breech block face to 
the surface where the case rim is positioned. Special gauges are best for 
measuring this dimension. 

Rimless straight case cartridges are stopped by the forward end of 
the case coming in contact with a square shoulder in the chamber. The 
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headspace measurement is measured from the square shoulder to the breech 
block face. This type has a groove forward of the rim for the extractor and 
the head is no larger than the body of the case. The .45 ACP and the 9-mm 
Luger are examples of this type. 

Semi-rimmed cartridges have a rim that is slightly bigger than the 
case body and headspace is from the forward edge of the rim to the chamber 
front. The stop is positioned ahead of the case mouth, The .25 ACP and .32 
ACP are examples of this type. Very few rifle cartridges of this type are in 
use. The .351 Winchester is one example, and the .220 Swift is technically 
one, although the semi-rim is not used. 

Belted cases, at least for headspace considerations, are considered 
similar to the rimmed case. It is sometimes called a modified rimmed design 
with a shallow but wide rim. lt has an extractor groove because the rim is not 
suitable for grasping. The headspace is short because it is measured to the 
edge of the modified rim. The thick back end is similar to a rimless, except it 
is thicker because less than a } inch ahead of the breech end there is a step 
cut into the body for a chambering stop. It is on the .264 Winchester, 338 
Winchester, 7-пип Remington Magnum, etc. 

22 Rimfire headspace is the short distance between the breech face 
and the shoulder that stops the rim. In some guns, it can be considered the 
difference between the bolt face and the end of the barrel. 

The headspace, in each type or example, has one length that is 
correct. The permitted variation has a close tolerance. If it is too tight or 
small, the firearm's breech action either will not close with the cartridge in 
place, or it will close too tightly. In a revolver, the cylinder may not close or 
turn properly. 

If the headspace is too big, the bolt face will not properly support 
the case. The cartridge may move forward when the firing pin hits it and this 
may cause the blow not to be hard enough to ignite the primer, If the primer 
is struck, it may be completely blown out, and the case will then move back 
into it as the powder ignites. In a firearm with high pressure, the case will 
stretch and it may rupture or split. In extreme situations of excessive 
headspace, the case may separate into two pieces. The hot expanding gases 
may be released to the rear. (In other words, the chamber may no longer be 
sealed properly.) This can damage the gun or the shooter or both. 

The lessons to be learned here are obvious. Headspace should be 
checked on older guns. The measurement is critical and should be done only 
by a skilled gunsmith or someone with the knowledge and equipment. Any 
barrel change should be done only if the headspace is properly set. A change 
of rifle bolts also calls for a headspace check. Most new guns are built to a 
headspace tolerance of .004" to .006." A safety rule for most situations 
would be to not fire а gun with a headspace over 010" above minimum. 
Gauges are sold for most cartridges that are “go” and “no go" type. The 
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action should close properly with the “go” gauge inserted, but should not 
close, even with delicate pressure, with the “no go” gauge in place. 

Careful examination of fired cases can frequently spot excessive 
headspace. Stretched cases or a case that has a crack running around it and is 
beginning to separate into two pieces is easy to spot. Some noticeable 
problems can be a symptom of excessive pressure while the headspace is 
correct, Therefore, caution is urged. 


PRIMING 


INSIDE. OUTSIDE. 


Bar x 


Several priming methods, including out-of-date types. 
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CHAPTER 16 


BULLET DESIGN & PERFORMANCE 


The importance of the bullet to the performance of a firearm cannot 
be overemphasized. After all, the sole purpose of a gun is to propel the bullet 
toward the target. The design of the bullet has an effect on performance from 
the moment of ignition, down the bore, through the trajectory, and onto the 
target itself. At that point, it must perform by cither punching a hole in a 
piece of paper or by proper penetration and expansion in an animal. 

Bullets come in many different styles, shapes, and materials, Some 
are solid lead. Many are assemblies with a lead or steel core and a covering 
called a jacket. The jacket may be either gilding metal, gilding-metal clad 
steel, or copper plated steel. Some military caliber 30 and 7.62 mm frangible 
bullets are molded of powdered lead and a friable plastic, which pulverizes 
into dust upon impact with the target. Ball cartridges are military in origin 
and consist of a general-purpose combat cartridge for use against personnel 
and unarmored targets. The bullet normally consists of a metal jacket and a 
lead slug. The .50 caliber ball bullet and 7.62 mm, Ball M59 bullet contain 
soft steel cores. 

Additional bullet information is scattered throughout this book in 
other areas where the material applies. The three chapters near the end on 
terminal ballistics have information about penetration and expansion. 
(Chapters 24-25-26.) The chapters on gyroscopic stability, rifling, ballistic 
coefficients, wind drift, ricochet and brush deflection all discuss bullets in 
regard to their subject matter. 

BASIC TYPES 

There are four basic types of bullets for civilian use, non- 
expanding, expanding, fragmenting, and partially fragmenting, The three 
chapters thal discuss terminal ballistics, Chapters 24, 25, and 26, include 
information that will assist with this subject, 

Non-expanding bullets usually have the nose covered with one- 
piece metal jackets with the hard lead core not covered at the base. They are 
used where deep penctration is required, such as African game. They also are 
useful with small game where minimum damage is desired. This bullet type 
is frequently difficult to locate. 

Expanding bullets are very common because they are useful 
against the thin-skinned game that is common in North America. The 
bullet's nose is made weak so that it will split and be disrupted on impact. 
The bullet's design can control this to a large extent, but velocity and the 
type of target also heavily influence it. (See kinematic viscosity on page 
339.) The expanding nose increases the size of the wound, although thé base 
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has to be strong enough to hold together and the bullet requires enough 
weight and momentum to penetrate properly. There are numerous methods 
of making an expanding bullet. These include (1) Installing a hollow point in 
the nose. (2) Cutting or rolling grooves around the jacket. (3) Thinning the 
jacket near the nose. (4) Using a double jacket.with the outer jacket on just 
the base, (8) Notching around the jacket in a ring. (6) Using a hard metal 
wedge to split the nose on impact (7) Slitting the jacket longitudinally. (8) 
Covering the nose with soft aluminum that extends under the copper jacket 
as the Winchester Silvertip. (9) A wedge like point that is driven back as the 
Remington Bronze Point. (10) Combinations of the above and others not 
mentioned. 

Fragmenting bullets are intended to breakup on impact. They are 
made mostly in the smaller calibers and require a high velocity to be as 
destructive to tissue as they are capable. Naturally the pieces will not 
penetrate very well, so their principal use is on smaller animals. They are 
generally made with a hollow point or a very soft point. This will be covered 
with а thin jacket that will disintegrate on impact. 

Partially fragmenting bullets are a compromise between the 
fragmenting and the expanding bullets. They are designed to breakup on 
impact but the base is expected to continue on into the target. 

Jacket material may be either gilding metal, gilding-metal clad 
steel, or copper plated steel, copper, aluminum, steel clad with a cupro- 
nickle alloy. The core will usually be either lead or steel. Both the core and 
the jacket may contain other components or chemicals to assist in the 
terminal ballistic characteristics. 

LEAD BULLETS 

The use of home made cast bullets by hand-loaders has been well 
researched and tested. The results can be excellent from all ballistic details if 
the hand-loader's guides and factory literature are followed closely. Care 
must be taken because a pit or mark on the bullet (the ogive arca in 
particular) can change the trajectory and cause poor gyroscopic stability. A 
change in seating depth, sizing, and design will all play an important role. 

Hand loading is not covered in this book, but by following the 
hand-loading rules in other books and the use of much care, the ballistics of 
cast bullets can be very good. All the rules of ballistics that apply to factory 
made projectiles also apply to hand cast bullets. 

Hard cast lead bullets (antimony added for hardness) can be fired in 
firearms without major leading problems Some shooters claim more leading 
problems at lower velocities of about 1,000 to 1.100 Ёр.5. While heavy 
leading reduces accuracy, it can also increase pressure. 

One advantage to ordinary lead bullets is the chance of reduced 
bore wear in old rifles. Many older barrels are made of steel that is not as 
good ог as hard as the ones found on most weapons made since around the 
1920's up to the present. (Note Chapter 7 on Metallurgy.) There are 
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BULLET NOMENCLATURE > 
diameter at} 
flat point meplat 


ogive 


head length 
cannclure —— >. 
hearing 
surface 
pet — Е 
core’ 


boattail 


оке 9 È 
base 


THE LENGTH OF THE HEAD DIVIDED BY THE BULLET 
DIAMETER IS THE RATIO OF THE HEAD. THIS IS MORE 
MODERN THAN "RADIUS OF THE OGIVE." THE OGIVE CAN BE 
STRAIGHT, PARABOLIC OR CIRCULAR AND THE DIFFERENCE 
IN DRAG WILL BE VERY SMALL. 
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exceptions, but generally, modern barrels are better suited for jacketed 
bullets than are older barrels. But at the low velocities, the wear from 
modern jacketed bullets in even a poor barrel, so long as safety is not 
compromised, should not be excessive. Fouling is another story. Also, lead 
may pick up the rifling better and as a result, stabilize better for increased 
accuracy. Of course, it could be too soft and rip through the rifling without 
picking it up at all. You may notice that this paragraph demonstrates what is 
written many times in this book. If you have an old gun and are wondering 
about this, test it for yourself, There are so many variables that no single 
answer will work for all situations. 

Lead bullets, in most testing, have came up slightly short on 
velocity when compared to jacketed bullets, but not much, and usually in the 
range of about 2 percent. One of the problems with a test of this type is using 
ammo that 15 exactly the same except for the bullet jacket and firing enough 
shots for the answer to be meaningful. This information is not as accurate as 
desirable, but until more conclusive data becomes available, the 2 percent 
difference will have to do, 

PRESSURE & STRESS 

The largest acceleration stress in both the firearm and the bullet 
occur at the peak pressure. The rear of the bullet will upset (expand) to 
tightly fill the bore if it is slightly undersized. The tensile strength of copper 
is about ten limes that of lead, so copper, or a copper alloy, is frequently 
used ta encase a lead bullet and assist in restraining the internal forces on the 
lead core. The elastic limit of steel is about 40,000 psi. That means that it 
can be stretched to a tensile stress of 40,000 p.si. and when the stress is 
removed, it will return to its normal shape without making a permanent 
change or set, Lead, copper, and tin, have an elastic limit that is almost zero, 
i.e. the slightest change and the modification becomes permanent. 

Although the peak pressure will be extremely short, somewhere in 
the neighborhood of 001 second (one thousandth of one second), the bullet 
will expand and deform to fit the lands and grooves of the bore. 

VARMINT BULLETS 

Varmint hunting is a specialized skill that requires bullets of a very 
special type. The hunted animals are small and usually far away, which 
demands a high level of accuracy. The hunter also must remember that only 
a hit in their small vital area will give a one shot kill. The lung, heart, and 
head of à varmint at 300 yards are a challenging target. 

Also, these small animals have a thin skin and fragile bones. Very 
little resistance is offered by their anatomy and a normal bullet will not 
expand properly, if at all. Special varmint bullets are available that have thin 
jackets with exposed soft lead and sometimes a large hollow point, Readers 
that have studied this book will quickly realize their accuracy will not be as 
good as some other designs, match bullets in particular. Also. it is important 
to keep velocity in mind. А varmint bullet that is designed to expand in soft 
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tissue at 2.400 fps, for example, may not do well as the velocity 
deteriorates down range. Other bullets are designed to expand nicely al 
slower velocities, bul there is a catch. (Isn't there always?) Many of the 
bullets that expand well in soft tissue at moderate velocity are super 
sensitive, as they have to be. They can come apart in the barrel or in flight 
between Ше muzzle and the game. Have you ever wondered why the bullet 
that should have been a direct hit seemed to just disappear? 

The bullet manufacturers have some excellent products on the 
market. Study their literature and experiment with several that seem suitable 
for your situation. With patience, you will find one that is perfect, or at least 
darn close. 

With a bullet of this design, some accuracy will be sacrificed for 
expansion and killing power. Which is most important and how far to go in 
either direction at the expense of the other? Fortunately, the choice is 
available. Each hunter will have to decide for himself. (Chapters 24 & 25 on 
terminal ballistics will be helpful.) 

CONICAL BULLETS FOR MUZZLE LOADERS 

A few people that shoot muzzleloaders have the false idea that 
conical bullets are a modern invention and that patched round balls were 
better both in ballistics and at killing game. Any reader of this book will 
realize that neither is correct. 

Conical bullets were in use before cartridges and date back to the 
late 1820's or early 1830's. By the late 1240's, Captain C. E. Minie of the 
French Army had invented the conical bullet which bears his name, the 
Minie Ball. |t not only had better ballistic performance but also was quick to 
load. It also required about a third faster twist in the rifling to fly properly 
stabilized. But most conical bullets were used by the military instead of 
hunters. Then, the same as today, money for new weapons was easier to 
obtain by the military than by the average hunter. 

Conical bullets are heavier than а patched ball in the same caliber. 
Therefore, they can maintain better velocity and energy for a longer range. 
TRACER BULLETS-MILITARY 

Tracer bullets are occasionally sold as military surplus and 
frequently owned and fired by civilians. Their purpose is to leave a trail of 
smoke or flame to permit a visible observation of the bullet's in-flight 
trajectory and the point of impact. It is used primarily to observe the line of 
fire, but il can also be used to ignite flammable materials and for signaling 
purposes. The tracer element consists of a compressed, flammable, 
pyrotechnic composition (chemical filler) in the base of the bullet, The 
propellant ignites this composition when the cartridge is fired. In flight, the 
bullet emits a bright visible flame. Burnout occurs at a range between 400 
and 1,600 yards, depending on the caliber and elevation. 

Tracers should not be used for any purpose other than as intended. 
They can start fires and for that reason, they are against the law in many 
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places, Bore damage is very common and the ballistic performance is poor. 
The weight of the bullet and the center of gravity change as the filler is 
consumed by the flame. As a result, gyroscopic stability is hard to maintain. 
While they are very dramatic, especially at night, they are dangerous and 
should be avoided. 

ARMOR-PIERCING-MILITARY 

The anmor-piercing cartridge is military and intended for use in 
machine-guns or rifles against personnel and light armored and unarmored 
targets, concrete shelters, and similar bullet-resisting targets. The bullet 
consists of a metal jacket and a hardened steel-alloy core. In addition, it may 
have a base filler and/or a point filler of lead. The military also have one 
called an armor piercing incendiary that has an incendiary mixture as a point 
filler. Upon impact with the target, the incendiary mixture bursts into flame 
and ignites any flammable material, 

OTHER MILITARY TYPES 

There аге many other types of military cartridges and bullets, which 
are too unusual to take up space here. They include the armor-piercing- 
incendiary tracer, the duplex, high-pressure tesi, dummy & dummy inert- 
load, line throwing cartridges, and various training and maich bullets and 
cartridges. 

BOATTAIL BASE 

The base of a boattail bullet is tapered inward as the sketch shows, 
It is also called taper лее? because heel is a word used for the edge where the 
side and base join, As explained in more detail in Chapter 13, there is a 
partial vacuum behind a bullet. This partial vacuum creates a base drag that 
helps to slow the velocity. The vacuum is less behind a boattail bullet than a 
blunt end. If the slope is too sharp or sudden (not long enough with a steep 
angle), the airflow behind the bullet will be turbulent and separate. Then the 
advantage of the boattail will be last. 

The base drag effect is strongest at subsonic speeds, At supersonic 
speeds there will be a shock wave created at the boattail's shoulder which, 
combined with a low-pressure expansion, will kill some of the good effects 
of a boattail base, Above Mach 1.2, the advantage will be small. There will 
be a slight lowering of drag from side friction due to the shorter bearing 
surface but little from the drag at the rear. A boattail is fine at supersonic 
speeds, but it must be kept small. It is best at a boattail base diameter of 0.4 
af the caliber, or less. 

For short range shooting, up to 200 yards, the boattail benefit is not 
very noticeable. As the range increases, the benefit increases. At 1,000 yards, 
the velocity difference can be improved by as much as 20% with up to a 3 or 
4 foot advantage in wind deflection in a modest 10 mph cross wind. The 
boattail design has a much longer extreme range than a flat-base bullet if the 
velocity and weight are the same. 
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Even al supersonic velocities, the drag reduction is noticeable, 
although there has been some opinions expressed that the benefit is near 
zero, A comparison of two bullets that are almost the same except that one 
has a boattail base and the other a flat base can easily prove the point. 

For evidence we can use the .55 grain .224 dia. bullet with a 71 
degree boattail length of .134". The flat base is a 5.56-mm M193 military 
ball, Both have the same shape, point configuration and weight and a muzzle 
velocity of 3,000 f.p.s. 


Range Velocity in f.p.s. 
in yards Boattail Flat-base 
ü 


un E | 
aga essc duci eee 


"T 


Best at 
.5 to 1.0 caliber 


So far, we have been discussing rifle bullets. As mentioned, at 
ranges below 200 yards, the benefit is small. Handguns, even with scopes 
and with the best shooters, are not used at ranges long enough to show much 
advantage. For example, over a 50-yard range, the 45 ACP will take .0029 
seconds longer in air than in а vacuum. Cutting the drag by 20% would make 
little difference. The 810 f.p.s. that it started with will still be about 782 f. p.s. 
for a difference of only 28 f.p.s. Other bullets will create other statistics, but 
the idea will be the same. 
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Boatiail bullets do not wear a barrel more than any other design. 
That statement has been around for years and has never been true, It is based 
on the theory that hot gas can enter the area of the boattail and damage the 
bore. It is sometimes called the jet effect and it is supposed to wash away the 
surface of the bore and damage the rifling grooves. For years it was believed 
that any bullet that is undersized in relationship to the bore diameter would 
have that effect, With the extreme acceleration of the bullet, the gas is not 
there long enough to affect that area more than another area, If it did have an 
adverse effect, the steel and heat-treating should be suspected of being poor 
quality. (Note: this is not the same as the results from powder burning in the 
bore as discussed in the previous chapter.) 
OGIVE DESIGN THEORY 

The ogive is the curve between the bearing surface and the point. 
The radius of the curve is usually given in respect to the caliber, which ties 
the picture together in the proper relationship. The ogival radius has 
significance only as it relates to the bullet diameter. The center point of the 
radius also is important as it controls the length and helps define the shape. If 
the bullet has a tangent ogive, the center point of the radius is at right angles 
to the cylindrical bearing surface and opposite the intersection between thal 
surface and the curved ogive: 


Em SECANT OGIVE 

8 CALIBER 
mI eq pe ume RADIUS 
= =. ~. | 


x 
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The secant ogive has the center point of the radius lower and 
opposite a point on the cylindrical bearing surface. This gives a good 
ballistic coefficient for acrodynamic efficiency and usually retains a decent 

area. 

* Ogive length is equal to the diameter of the bullet multiplied by 
1/2 the square root of 4 № minus 1, where № is the caliber radius. 
Remember to subtract | from the product of 4 times № before finding the 
square root, then divide by 2, and multiply by the diameter of the bullet. This 
calculates to a sharp needlepoint but there will probably be a small flat or 
rounded section. 

MEPLAT 

The point of a bullet, the meplat, is generally à small rounded tip. 
Even a long nosed spitzer shape will have a meplat with a diameter of up to £ 
caliber, never larger. The drag will be a slight amount less than a sharp point 
and they are easier lo make and handle, At first, it may appear a sharp point 
would have less drag, but it has to do with airflow, pressure, and shock 
waves. (This is discussed in Chapter 13.) 

BEARING AREA 

The main body or bearing area that rides on the bore must be long 
enough to hold the bullet in proper alignment: An excessively short bearing 
area will create unreliable performance. The bullet can yaw while in the bore 
and exit the muzzle in a yawed or other than point on position. This is not as 
unusual as it may appear. (Remember the tremendous force that is pressed 
against the base in milliseconds. This may or may not be perfectly equal 
across the entire base.) The yaw will not create unstability, but will spread 
out the hits on the target. A long bearing area will also give an accuracy 
boost when shooting from a worn barrel and help to seal the gas pressure for 
better ballistics. The rifling can also strip away the surface of too short a 
bearing area when the bullet is suddenly forced to turn with the grooves. The 
length can be over done, though, and increase frictional drag in the bore, The 
rifling twist will be an influence. A slow twist will cause low stability and 
will consequently require a better alignment through a longer bearing surface, 


CONICAL CYLINDRO-OGIVAL CYLINDRO-CONCOIDAL 
NOTE: The conical has no bearing surface and hence, no stability. 
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SPITZER SHAPE 

A spitzer bullet has a nose that is pointed and followed by an ogive 
radius of at least 7 or more calibers. In other words, there is some length 
behind the tip before the main body. It is obvious that the streamlining effect 
will give it a better ballistic efficiency. The primary. advantage is in the 
aerodynamic shape, which reduces air resistance. It helps the velocity hold 
up well at long range. 

Early spitzer designs were poor at expansion. The choice was 
usually a blunt nose with a large amount of exposed lead, Modern design has 
changed the spitzer so thal the benefits can be used along with reliable 
expansion. Also, there is по evidence that this design is deflected more than 
other types in brush. (This controversial subject is covered in Chapter 10.) 

A study of the ballistic tables will show that with the .30-'06, for 
example, two 180 grain bullets, one a spitzer and the other a short round- 
nose, both leave the muzzle at the same velocity and just a few foot pounds 
difference in energy. At 300 yards, the spitzer has an advantage of 300 f p.s. 
in velocity and 475 foot pounds of energy, an impressive difference. The 
addition of a boattail base will change the figures and all manufactures have 
products that are similar yet different. Nevertheless, the spitzer, or a design 
that leans toward that direction, has good merit. 

There is a controversy over which is the more accurate, a sharp- 
pointed bullet, or a blunt-point. Most testing gives an edge to the sharp point. 
If everything else were equal and/or correct, that is twist rate, gyroscopic 
stability, etc., then theoretically, there would be little or no difference. Of 
course, that is impossible, so most people prefer the sharp point. 

TIP DAMAGE 

Testing has shown that at ranges below 100 yards, minor damage to 
the tip of the bullet has little effect on performance, At ranges over 100 yards 
or for critical target work, performance is bound to suffer. For hunting at 
short range, it doesn't appear to cause any problems in trajectory ог velocity, 

The Norma factory in Sweden conducted tests with damaged bullet 
tips by filing the point flat. Different amounts of material were removed al 
an angle from the tip and ogive. Also, some were filed at an angle on the 
boattail base. None of these bullets performed badly in controlled tests at 
100 yards. The damages were minor and in no case excessive, but it was 
enough that the results were surprising. 

Long range testing by other laboratories has shown keyholing, 
flyers, and other expected results of instability, But for short ranges, up to 
about 100 yards, the performance should be satisfactory for hunting. 
Naturally, contest target work would require ihe best and no chance should 
be taken. The same applies for ranges bevond about 150 yards. 

VELOCITY & WEIGHT 

In the constant quest for higher velocities, it is well known that a 

large bore gives a large cross sectional area for the expanding gas to push 
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against. That bullet weight also tends to go up in the larger bores defeats the 
strategy. A bullet could be made with a large cross section and lightweight 
for excellent high muzzle velocity, The bullet would also have terrible 
problems in trajectory and energy, The intemal ballistics would be good and 
the external ballistics would be bad. As usual, a compromise is needed. 

As the velocity increases, the efficiency of delivering energy goes 
down. Lightweight bullets require more velocity to deliver the same energy 
to the target, all other things being equal. The velocity to deliver a light 
bullet at the energy of a heavy bullet is beyond our present technology. 
There 15 a strong place for light fast bullets, but most hunters prefer a slow 
heavier bullet when a lot of stopping power is needed. 

The mushroom effect is better at the higher speeds because of the 
energy involved. Lower speed bullets of proper design can also expand well 
and usually after deeper penetration. The energy delivered by a fast velocity 
light bullet can be high, but the actual stopping effect may be small. Large 
game such as elk and bear may not be impressed by it. A heavy slower bullet 
with good controlled expansion may do better. 


Ф As mentioned earlier, Newton's 2nd. Law declares that force is 
equal to mass times acceleration. 
F-2Wig*a 


Where: F force 
w = weight of bullet 
g = acceleration of gravity at 32.17 


+ And force is pressure times area. 
Е=Р* А 
Where: P= pressure 
A = area 
Ф We сап put the two equations together and show the connection 
between acceleration and pressure. 
a-gPAÀA/!w 


Most bullet designs perform best in à narrow velocity range. Too 
fast or too slow and penetration and expansion will not be as expected. This 
is a problem for long range work where velocity will decay at the longer 
distances. Hand-loaders can also experience problems at short to normal 
range if the bullet choice docs not match the expected velocity. 

STABILITY is vital and for proper gyroscopic stability, the ratio of 
a bullet's weight in pounds to the square of the caliber in inches (or sectional 
density) should be between 0.15 and 0.35. If it is lower, the bullet is too 
short and if it is higher, it is difficult or impossible to spin it and properly 
stabilize it. (See page 173.) 

SYMMETRY, or the act of being symmetrical, is when an object, a 
bullet in this case, can be divided into similar or equal parts by a plane 
passing through the center. Symmetry is vital for proper gyroscopic stability. 
The center of the mass needs to be on the bullet's axis or the result will be a 
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helical flight path. Sometimes, blunt and round points stabilize better. Not 
because a blunt point or round point is more stabile or that the long pointed 
bullet requires more rifling twist to stabilize. It is simply hard to make long 
pointed bullets that are perfectly symmetrical and with a jacket that is 
precisely the same thickness at all points, (See Chapters 8 & 9 for more 
details.) 


exaggerated 
for 
clarity 


Jacket walls are thicker at the base and get thinner toward the nose. 


The Jacket wall at (M) is usually (average) about 024" thick, but can be 
from .010" to .037". At the base (C) it will be about .004" thicker, although 
they may vary from -.003" to +.015, depending on the make and the type. 


PRESSURE CONSIDERATIONS 

Bullets of equal weight but of a different type and manufacture will 
not produce the same pressure. It would appear by casual observation that 
they would be interchangeable, and if the loads are moderate, that may be 
true. But as maximum pressure is approached in experimenting, the pressure 
may exceed safety limits. Of course, as with all ballistic explanations, we 
must assume the same powder, the same load, the same scaling depth, and 
that all other items are also equal. While the bullet's weight may be equal, 
the length, core weight, jacket weight, bearing length, and even to a very 
slight amount, the diameter, may all be different. The variations between 
extremes сап be as high as 15%, Generally, the highest pressure and velocity 
will be together, as we would expect. 
EXPERIMENTS IN BULLET DESIGN 

Many unsuccessful ideas in bullet design have been tried over the 
ycars. Experimenters always repeat some of them because they were not 
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aware of the earlier failures. There are also old ideas where someone solves 
the problems so they will work. Most of the following ideas had a good solid 
theory behind them, but they were doomed to failure for one reason or 
another. 

* Streamlining the rear of a bullet with a long taper to a point does 
not serve a useful purpose. At the muzzle, the hot gas tends to turn or upset 
the bullet and cause poor stability and accuracy, The Army tried this type 
with a sabot to hold in the gas and help with alignment in the bore. It was not 
successful. (4 sabot is described and pictured оп page 307-308.) 

* There have been frequent attempts to design and make a successful 
bullet that has the powder and primer included but without a case. No Rocket 
Ball, as they have been called, has worked very well. Most have becn weak 
and with a tendency to misfire. 

The early Voss system was patented in Europe in 1834. Several 
other European inventors patented ideas along this line in the 1840's and 
1850's. The first U.S. Patent was by Smith & Wesson in 1856 for use in the 
Volcanic line of firearms, Some people call the items Folcanic instead of 
Rocket Ball. Either name is acceptable. 

The idea died out for a while and was briefly revived again by the 
Germans during WW 2 with a 7.92-mm with no success. The U.S. Military 
experimented during WW 2 and also more recently with 5.56 mm and 7.62 
inm caseless cartridges. 

Smith & Wesson tried again with а 9-mm design that is electrically 
fired. Extensive testing in the mid 1960's showed much promise. 

If you haven't guessed by now, the expense of the case is a high 
percentage of the cost of a cartridge. This is a major reason why it would be 
nice to do without it. 

* An unusual bullet design of the early 1900's carried bore lubrication 
to the extreme. A self-lubricated bullet was designed by Smith & Wesson 
and listed by Union Metallic Cartridge Co. The center of the bullet was 
hollow. The base of the cavity had a lead plug. The nose end had four small 
openings into the ogive area. The center was filled with a lubricant, which 
was forced out the holes as the expanding gas thrust the base plug up into the 
cavity. The bore was lubricated by this action, or supposedly it was. This 
unusual bullet was not on the market for long. 

+ In the early 1960's, Malter Arms Co. of New York City made sub- 
caliber bullets inside a discarding Husk, The Husk, as it was called, was the 
same as а sabot. They were made in both .270 and 308 diameter. That is, the 
sabot was either .270 or .308 and made for that size bore. The bullets were 
smaller at .224 in 82 grain and .243 in 100 grain. They were advertised for à 
short time and then they disappeared. 

* It is frequently suggested that a bullet should be tubular (an open 
hollow center from the front to the rear) so the air resistance and the void at 
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the rear can be reduced, Various types of plugs or caps at the rear are used to 
hold the pressure behind the bullet and seal in the thrust while in the barrel. 
The caps or plugs then drop off like a sabot as the bullet passes the muzzle. 

In 1893, the Frankford Arsenal conducted extensive tests on bullets 
of this design. The bullet was unsuccessful for two main reasons, both 
ballistic in nature. First, remember that weight is an important part of bullet 
performance and the tubular design reduces the weight too much, Also, the 
flow of pressure waves will build up inside the tube and block or plug it. The 
final effect is the same as a solid bullet only of less weight and without à 
good streamlined nose. (See section on high-speed airflow, Chapter 13.) 

An interesting side-note is the name of one of the officers involved 
ui the test calculations, J, M. Ingalls, who later achieved fame with the 
Ingalls Tables. They form the basis for many calculations in ballistics and 
are mentioned in other places in this book. 

Another interesting point on the same subject: Since the very 

extensive testing on the tubular design by the U.S. Army, many other 
experimenters and companies have done more experiments on the same idea. 
A series of very complete tests was made just before the start of WW 2 and 
then stopped by both the war and a lack of success. Possibly these later 
engineers were not aware of the 1893 tests. 
* In the early 1900's, Hoxie Ammunition Co. of Chicago made bullets 
with an unusual feature. The hollow point of the jacketed bullet had a ball 
fastened in the opening. The opening tapered down smaller behind the ball 
so that at impact, the ball would ram back into the opening and force 
expansion, 

While the basic idea had merit, the product was produced for just a 
short time. Today this type of ammunition would be illegal because it was 
loo good at what it was designed to do. (Scientists can never understand why 
it is not acceptable to make something as good as possible.) 
| The use of darts or very small arrows as projectiles in guns is as old 
as the earliest firearms. It was a reasonable first step and they were used for 
many years, until the introduction of round balls or at the start, stones, 

Our language is not all English, but a mixture of many. American 
English has borrowed words from the American Indian, or Native American 
if you prefer, such as raccoon, opossum, and totem, to name just three. 
Words also come from Dutch, Spanish, German, French, and a smaller 
amount from Yiddish, Chinese, and Italian. The French word for arrow is 
Jléche and in American English we call darts and small arrows flechettes 

The use of flechettes as projectiles in guns has not completely died. 
Occasionally people still experiment with this idea because of the 
aerodynamic and ballistic advantages. They have excellent ballistic 
characteristics in the air but are difficult to Launch. 
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NEW IDEAS 

While most of the above experiments in bullet design were not very 
successful, some new ideas have worked very well. 

Development of new bullets is not an баву task. Naturally there are 
the ideas and drawing stages, where all the possible choices are discussed 
and either chosen or discarded, Then tooling and manufacturing methods 
have to be planned out, and in some rare examples, a design has to be 
changed because the tooling engineers complain that it is not practical to 
make it as it was designed, After samples are made, there is extensive testing 
at different ranges and with different loads to determine if the bullet's 
performance is as expected. Testing is conducted under conditions that 
attempt to duplicate actual field and hunting situations. Reduced loads are 
used to simulate striking velocities at various distances. They look for 
expansion, penetration, fragmentation, etc. Generally, changes need to be 
made in the design as the experimentation discovers weak points. This 
frequently requires changes in the tooling and manufacturing process. Times 
have changed since a little lead was heated over a fire in a small ladle and 
poured into a bullet mold. 

One О. S. company produces a hunting bullet with a partition 
extending through the core about 3 rd. the length forward from ihe base. At 
impact, the forward portion expands normally while the rear area remains 
solid ta provide necessary weight and energy. 

This same company also makes a bullet with a plastic nose insert, 
which, because of its unique design, has bath a high ballistic coefficient and 
sudden, violent expansion. This gives excellent expansion when the velocity 
has deteriorated down range. Of course as expected, rapid expansion reduces 
penetration depth, but this is required for some types of game. 

Another recent product that is a nice improvement over older 
designs has the front half of the bullet made of solid copper with a small 
open point and an expansion chamber. The rear of the bullet consists of a 
lead core in a stecl-lined pocket, which instead of being exposed at the back, 
is covered with a "closure disk" It has excellent expansion and deep 
penetration. The use of a large amount of copper reduces the weight to size 
ratio, so the bullet is made slightly longer than normal to maintain the same 
weight, As readers of this book will quickly realize, this may require an 
adjustment in rifling if a barrel's twist is a little on the slow side. 

New and better products come on the market as the understanding 
af bullet technology increases. 

NOTES ON BULLETS: 

* Bullets with grooves crimped around their body have lower 
accuracy because the bullet is deformed in an area that disrupts the flow of 
air and disturbs the aerodynamic stability. Even if the groove is perfectly 
even and uniform around its full length, which it rarely will be, it will still 
lower accuracy. It will also reduce the life of the case from over-working the 
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metal. This can cause splits at the mouth that are unnecessary. Factory ammo 

that is crimped is primarily for use in tubular magazines or by companies 

making a general-purpose cartridge for any type of rifle. 

+ Light bullets have the highest muzzle velocities and the fattest 

trajectories, as compared to heavier bullets, but they will also have the 

lowest remaining energy down range. The heavier bullets will have excellent 

down range velocities and about 40% higher energy. 

+ A blunt nose bullet should not be used for any distance in a wind, if 

it can be avoided, The wind deflection will be very poor because of its 

aerodynamic shape, or lack of it. 

* For accuracy, many experts consider the base of a bullet more 

crucial than the front. This is controversial and unnecessary, For accuracy, 

all aspects of bullet design are significant and which is more so is not 

important. 

* A bullet with a long point will hold its velocity and energy over а 

greater distance. 

Ф Separation of the core and jacket is a weakness of some bullet 

designs and high velocity can be a factor. 

+ A sof point will break up quicker and not be as likely to ricochet. 

(The pieces may ricochet, but not as a solid piece.) 

* A very sharp point is not as good (or as easy to handle and protect) 

as a bullet with a small flat area called a meplat. 

* Hand-loaded ammo that is carefully and properly loaded will have 

better accuracy than factory ammunition, Always. (This is not an insult to 

manufacturers, but all production work has to have tolerances. Hand-loaders 

can strive for perfection.) 

* Bullets will keyhole at long range from poor stability. One major 

cause is when the bullet is too heavy for the barrel twist. A lighter bullet 

d or a faster twist is required to stabilize the projectile. (See Chapters 
Pi) 

* Controlled expansion ammunition has been used for years for self- 

defense and hunting. À few uninformed people have begun to attack this 

type of ammunition as being offensive and disgusting. Most hunters, police 

officers and self-defense people want a bullet that stops (disables) or kills 

either instantly or as quickly as possible. After all, that is their one and only 

purpose. 
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SLUG 
BULLET JACKET 


BASE FILLER 


BULLET JACKET 
ARMOR. PIERCING 


CLOSURE CUP 


BASE FILLER 


INCENDIARY 
COMPOSITION 
BULLET JACKET 


ABMOR-PIERCING INCEMDIARY 


Caliber 20 bullets (sectioned). 
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BULLET JACKET 


BALL (HATO) 


TRACER COMPOSITION 


CLOSURE CUP 


IGMITER COMPOSITION POINT FILLER 


SUB-IGHITER COMPOSITION 
BULLET JACKET 


TRACER (NATO) 


BASE FILLER POINT FILLER 


BULLET JACKET 


ARMOR-PIERCING (NATO! 


7.62 MM bullata (sectioned). 
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CALIBER .30 RIFLE 
GREMADE CARTRIDGES 


TEST, HIGH-PRESSURE 
CALIBER .30 CARBINE CARTRIDGES 


TEST, HIGH-PRESSURE 
CALIBER .45 CARTRIDGES 


Caliber .30 carbine and caliber .45 cartridges. 
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EYEBOLT LIFTING PLUG 


WEIGHT ZONE MARKING 


CALIBER АМО TYPE OF WEAPON 
марайды араш, ы а-у LOT HUMEER OF LOADED SHELL 


TYPE AND MODEL OF бна и 

FOR DEEP CAVITY EHELL CONTAINING 
SUPPLEMENTARY CHARGE 
BOUARAELET 


BOO 


STAMPED IN THE METAL LINDER THE PAINT: 
LOT HUMBER OF EMPTY SHELL, YEAR OF 
MANUFACTURE, CALIBER AND DESIGNATION 
OF SHELL 


GROMMET (PROTECTS ROTATING BAND 
DURING SHIPMENT) 


ЕРАНТМЕМТ OF DEFENSE 
IDENTIFICATION CODE 

RBOTATIN BAND 

DBTLIRATING BAND (USED ON CERTAIN 
PROJECTILES) 


MODERN ARTILLERY/CANNON PROJECTILE 


SHORT BALL (HIGH VELOCITY) 


LEAD BULLET, 


| уана] 
LONG RIFLE BALL 


JACKETED TEEN 


LONG RIFLE BALL 


Caliber £2 cartridges. 
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BALL, SEW, 1446-GRAIN BULLET 
1.21 


BALL, SUPER AUTOMATIC COLT, 130-GRAIN 
BULLET, METAL JACKET 


En pae) 
ie EPB Sr 


CALIBER .380, BALL, AUTOMATIC PISTOL, 
95-GRAIM BULLET (?-MM SHORT) 


BLANK, REVOLVER, 5&W 


Caliber 28 cartridges. 
Fab rl he el сас ась 
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CHAPTER 17 


TRAJECTORY 


Hunters frequently miss a once in a lifetime trophy because of poor 
sight adjustment, litte knowledge of drop, temperature effects, uphill and 
downhill slope shooting, and perhaps a dozen other problems. All are casy to 
learn if they understand a few important facts. Target shooters, while they 
always know the basics, need to know the advanced points as well. As in all 
things, knowledge is power. 

The phenomena of a trajectory can only be considered properly by 
recognizing that a projectile in flight is a rigid body given rapid rotation and 
undergoing precession and nutation as it travels a path of double curvature. 
The motion is determined by the continuous action of various forces, 
including the resistance of the air and gravitation. These last two sentences 
will not be confusing if the earlier chapters have been read. All of those 
terms have been thoroughly explained, 

The old-fashioned spherical projectile (a ball) presented a much 
simpler problem. When the accidental rotation was small, such problems as 
drift could not occur and yaw was impossible. Dispersion with spherical 
projectiles is due chiefly to irregularities in jump of the gun and in muzzle 
velocity. (It is assumed that wind and atmospheric conditions are unvaried 
during firing. Rare, of course, but a necessary statement, nevertheless ) 

With modern elongated projectiles, the angular variation of the axis 
lo air resistance is a significant factor. Even the permanent dynamics of 
projectiles, such as the position of the center of mass and the longitudinal 
and transverse moments of inertia, cannot be ignored. 

BASICS 

This is a frequently misunderstood part of firearm shooting, so il 
would be best to begin at a fundamental point and then work our way up to 
the top. It is important to recognize that while a rifle will be used as an 
example, handguns and shotguns follow the same rules. There are a few 
minor differences, which will be discussed in their own chapters. 
| The curved path of a projectile is called a trajectory. That 
information is basic and everyone knows it, but a trajectory 15 infinitely more 
complex than most people realize. 

Every rifle will hit the intended place on the target or game at only 
two ranges or distances. For now, let us disregard the close one and discuss 
the one farther down range, What is that? You say you didn't know there 
were two? Good! Then you are certain to learn something, 

The line of sight is the straight line from the eye of the shooter to 
the target. It goes over the sights, or through them, and is the path the shooter 
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may think the projectile is taking. The bullet travels upward above the line of 
sight and then drops back to the line of sight at the target or impact point. A 
line projected through the bore of the gun is the line of sire or hore line and 
the bullet will begin to drop below this line immediately after leaving the 
muzzle, Note #1; A casual reader may not have noticed the spelling 
difference between sight and site. Note #2: Site is defined by Funk & 
Wagnall's Britannia Dictionary as the degree of inclination from the 
horizontal of a line joining the target and the muzzle of a gun. Also called 
angle of site. 

Keep in mind that if we buy à new gun, or perhaps a used gun that 
is new to us, we don't know where the bullet will strike in relationship to the 
sights, Later, we will explain how to determine this point and adjust it, For 
now, let us assume we have a rifle that is zeroed-in ta hit properly at 200 
yards. Of course, the game we want to shoot is never at exactly 200 yards 
and few of us could accurately estimate the range anyway. A good 
understanding of a bullet's flight path (trajectory) can help us to choose the 
best cartridge for the gun and then the best range to set the sights. 

Air resistance and gravity are studied in detail elsewhere in this 
book, but for now, we will keep it simple and just say that they cause the 
bullet to follow a curved path downward, The pull by gravity is constant and 
it causes the projectile to start to fall the instant the bullet leaves the muzzle. 
This gives the fall a constant acceleration. It will not be in a vacuum, as we 
studied in school, so all projectiles will not fall at the same rate. The fall is 
not the same because of different densities of the projectiles, different air 
densities, and the varying air resistance, which will slow the velocity. Don't 
believe that because the bullet is spinning from the rifling grooves in the 
barrel, that it can defy gravity because it cannot. 

As can easily be understood, time and the length of flight is 
important. The longer a projectile is in the air, the longer these details, and 
others, have to bring about their change. 

The trajectory is always curved but all cartridges, calibers, and guns 
are different. Some may have a huge drop and others may have, by 
comparison, a slight drop. Either through ballistic charts or testing, we can 
know where the bullet will strike at different ranges. We also need to have 
the gun sighted in (set to hit) at a certain pre-determined range. In other 
words, we have to know where in that drop it will be at the range we are 
using. Also, and almost as important, we have to know at what range the 
shot we are planning will be. If we know the sights are set to hit at 200 
yards, but we have no idea how far away the game is, we may be in trouble. 
Then again, if we have made a wise choice in cartridges and have sighted in 
at the best range, perhaps we can be off in our range estimation by 50% and 
still be successful. Let's see how this can work out. 

To hit an object at a distance if we do not have siphts for long 
range, we have to point the barrel above that point and let the bullet drop 
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down to it (This was common in carlier times, but as expected, it takes 
experience and is very difficult.) Adjustable sights properly set, rather than 
actually aiming at the top of a target when what we want to hit is the middle, 
is preferable to pointing above. Occasionally, aiming above or below is still 
done in hunting, and it still takes experience. Knowledge of the trajectory for 
the cartridge you are using will help. 

As strange as it may seem, if there were no gravity, not only would 
the projectile not curve toward the earth, it would stay in a straight path 
while being slowed by aerodynamic drag. Theoretically, it would just come 
to a halt on a straight line from the bore. Without air resistance it would 
continue on in a straight line until 777? (Disregarding the minor influence of 
yaw, nutation, сіс.) 

TRAJECTORY DESCRIPTION 

A trajectory is not a straight linear line. Gravity prevents that. 
Neither is it a true parabolic curve, as some people like to describe it: 
although it would be if it were in a vacuum with the absence of the drag 
caused by air resistance. A true parabolic curve is made by a point that 
moves in such a way that its distance from a fixed line is always equal to its 
distance from a fixed point. The projectile makes a steeper curve on 
descending in the atmosphere than on ascending since the horizontal 
resistance has affected it longer. The midrange trajectory height is not at 
50%. of the down-range distance but at about 55%. If it is to be called а 
parabolic curve, it is à theoretical parabolic. The projectile will descend in a 
steeper path than it took on rising because the horizontal resistance has been 
in effect longer. (As we just said with different wording.) Correctly, it is an 
unsymmetrical line called a ballistic curve. Still, a parabolic curve is the 
term normally used to portray the flight path. 

TRAJECTORY ELEMENTS — TERMS 

The elements of a trajectory are classified into three groups, 
intrinsic, initial, and terminal, Two or three of these terms are morc 
applicable to artillery than small arms, but each is, nevertheless, correct and 
useful with small arms. Also, consider that the study of an artillery trajectory 
magnifies every angle and line so it is casier to sec and understand. Refer to 
the drawing. 

Intrinsic elements are, by definition, characteristic of any trajectory. 

* The origin is the location of the center of gravity of the projectile when 
it leaves the bore, It also denotes the center of the muzzle when the shot 
is fired. 

* The ascending branch is the part of the trajectory that is traced as the 
projectile rises from the origin (bore). 

* The descending branch is the part of the trajectory that is traced as the 
projectile is falling. 

+ The maximum ordinate is the difference in altitude between the origin 
and the summit. 
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The level point is the point on the descending branch that is the same 
altitude as the origin. 

The base of the trajectory is the straight line from the origin to the level 
point. 


exaggerated for clarity 


Initial elements are characteristic at the origin of the trajectory. 


The line of elevation is the extended axis of the bore. 

The line of departure is a line tangent to the trajectory at the instant the 
prajectile leaves the bore. 

Jump is the displacement of the line of departure from the line of 
elevation that exists at the instant the projectile leaves the bore. 

The angle of site is the smaller angle in the vertical plane from the base 
of the trajectory to the straight line joining the origin and the target. The 
angle of site compensates for the vertical interval. 

The complementary angle of site is an angle that is algebraically added 
to the angle of site to compensate for the nonrigidity of the trajectory, 
Site is the algebraic sum of the angle of site and the complementary 
angle of site. 

Complementary range is the number of meters of range correction that 
corresponds to the number of mils of complementary angle of site. 

The fine of site is the straight line from the origin to a point at an angular 
distance from the base of the trajectory equal to site. 

The angle of elevation is the angle at the origin in à vertical plane from 
the line of site to the line of elevation. It is measured from the base of 
the trajectory and it is used to achieve a prescribed range to place the 
point of impact at the desired location. 
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Terminal elements are characteristic at the point of impact. 

* The point af impact is the point at which the projectile strikes the target. 

* The angle of fall is the vertical angle at the level point between the line 
of fall and the base of the trajectory. 

+ ‘The fine of fall is the line tangent to the trajectory at the level point. 

a The line of impact is a line tangent to the trajectory at the point of 
impact. 

= ‘The angle of impact is the acute angle at the point of impact between the 
line of impact and a plane tangent to the surface at the point of impact. 


POINT OF IMPACT 


LINE OF IMPACT 


Terminal Elements of the Trajectory. 
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exapperated for clarity 
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TRAJECTORY IN A VACUUM 

The obvious question is “why is a knowledge of a vacuum 
trajectory important" The answer is that it will help us to understand a 
trajectory in the real world. We merely add an atmosphere to the vacuum. 

if a projectile were fired in a vacuum, gravity would cause the 
projectile to retum to the surface of the earth, The path or trajectory of the 
projectile would be simple to trace. All projectiles, regardless of size, shape, 
or weight, would follow paths of the same contour and would achieve the 
same range for a given muzzle velocity and elevation. 

The factors used to determine the data necessary to accurately fire a 
projectile in a vacuum are the angle of departure, muzzle velocity, and 
acceleration caused by the force of gravity. A projectile's initial velocity has 
two components, horizontal velocity, and vertical velocity. The relative 
magnitudes of horizontal and vertical components vary with the angle of 
elevation. For example, it the elevation were zero, the initial velocity 
imparted to the projectile would be horizontal in nature and there would be 
no vertical component, If, on the other hand, the elevation were 90" 
(disregarding the effects of the earth's rotation), the initial velocity would be 
vertical and there would be no horizontal component. 

Gravily causes a projectile to fall to the earth. (Who said science 

was difficult?) Because of gravity, the height of the projectile at any instant 
is less than it would be if no such force were acting upon it. Ina vacuum, the 
vertical velocity would decrease from the original velocity to zero on the 
ascending branch of the trajectory and increase from zero to the original 
velocity on the descending branch. Zero vertical velocity would occur at the 
summit (highest point) of the trajectory. For every vertical velocity amount 
on the upward leg of the ascending branch there is, or would be, an equal 
vertical velocity amount downward on the descending branch. Since there 
would be no resistance to the forward motion of the projectile in a vacuum, 
the horizontal velocity component would be a constant. The acceleration 
caused by the force of gravity (32.17 feet per second per second) affects only 
ihe vertical velocity. 
Ф Here is а formula for trajectory in а vacuum (по air resistance). It is 
modified for firearm use and given here for academic reasons only. The 
textbooks list several other formulas for vacuum trajectory, but unless we are 
designing a space flight, we will not have a practical need for them. 

R=} sin20/g 
Where: Ё = range in feet 

i= muzzle velocity in fps. 

Ө = angle of elevation (departure angle) 

sin = sine of angle 
sine 2 0 — 1 for a 45 degree angle 
* Also for elevation in a vacuum using the same symbols as before: 
sin 20 = Rg / V. 
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LIME OF DEPARTURE 


exaggerated for clarity 
LINE OF ELEVATION 


LINE OF SITE 


COMPLEMENTARY RANGE 


1. ANGLE OF SITE "7t 8. ELEVATION 
2. COMPLEMENTARY ANGLE OF SITE 8. JUMP 


3. SITE Т. VERTICAL INTERVAL 
4, ANGLE OF ELEVATION 


Initial Elements of the Trajectory. 


LCC 


exaggerated for clarity AR ARTILLERY TRAJECTORY 
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‘Trajectory in a Standard Atmosphere and in a Vacuum, 


TRAJECTORY IN AN ATMOSPHERE 

The resistance of the air to a projectile’s movement depends on the 
air movement, density, and temperature. The most obvious difference 
between the trajectory in a vacuum and the trajectory in the standard 
atmosphere is a reduction in the range achieved by the projectile. (4 sketch 
shows a comparison af the flight of the projectile in a vacuum and in the 
air.) 

The difference in range is because the horizontal velocity 
component in the atmosphere is no longer a constant value, The horizontal 
velocity component is continually decreased by the retarding effect of the 
air. Air resistance also affects the vertical velocity component. 

The trajectory in the atmosphere has the following characteristic 
differences from the trajectory in a vacuum: 

(1) The velocity at the level point is less than the velocity at the 
origin. 

(2) The mean horizontal velocity of the projectile beyond the 
summit is less than the mean velocity before the projectile reaches the 
summit; therefore, the projectile travels a shorter horizontal distance. Hence, 
the descending branch is shorter than the ascending branch. The angle of fall 
is greater than the angle of elevation. Also, since the mean vertical velocity 
is less beyond the summit than before it, the time of descent is greater than 
the time of ascent 

(3) The spin (rotational motion) initially conveyed to the projectile 
causes it ta respond differently in the atmosphere because of air resistance. A 
trajectory in the standard atmosphere, compared to a trajectory in a vacuum, 
will be shorter and lower at any specific point along the trajectory for the 
following reasons: 

* Horizontal velocity is not a constant value: it decreases with each 
succeeding time interval. 

a Gravity and the effects of the atmosphere on the projectile, affect 
vertical velocity 

• The summit in a vacuum is midway between the origin and the level 
point: in the atmosphere it is actually nearer the level point at about 55% 
down range. 

• The angle of fall in a vacuum is equal to the angle of elevation: in the 
atmosphere, it is greater. 

Air resistance affects the flight of the projectile both in range and in 
direction. The component of air resistance in the direction opposite that of 
the forward motion of the projectile is called drag. (See Chapter 13.) 
Because of drag, both the horizontal and vertical components of velocity are 
less at any given time along the trajectory than they would be if drag were 
zero (as it would be in a vacuum). This decrease in velocity varies directly in 
magnitude with drag and inversely with the mass of the projectile, In terms 
of attainable range, this means that the greater the drag, the shorter the range, 
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and the heavier the projectile, the greater the range achieved, if all other 
factors are equal, The elements considered in the computation of drag are air 
density, velocity, projectile diameter, and drag coefficient. 

TIME 

The time the projectile is in fight is directly related to the amount of drop. A 
high velocity projectile at 3,000 f.p.s. thal takes 2 seconds to reach its target 
would drop 44.4 feet, as may a slower 1,500 f p.s. projectile. Only the faster 
projectile would travel.about (not exactly) twice as far in the same 2 seconds. 
If both were fired al the same target, the faster projectile would reach it 
quicker and less flight time means less drop. 

In a vacuum, where the trajectory would be a true parabolic curve, 
the mathematics are simple. The vertical drop from the line of bore would 
vary exactly as the square of the time of flight. For example, consider a one- 
second flight with à 12-foot drop. At double the range and 2 seconds, the 
drop would be 48 feet. (Remember that we are discussing a theoretical 
vacuum.) 


It is not likely that anyone would sight and fire a weapon upside-down, 
but a study of an inverted trajectory may help with an understanding of 
sights and trajectories. 

— NORMAL— 


E x 


Notice that the striking point is not 12" (for example only) below the 
target, but 24 ", Instead of the bore line being 12" above the target, so 
the bullet can drop toward it, it is now pointed 12" below and the bullet 
will drop an additional 12". 
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EXAMPLE OF A TRAJECTORY ZEROED AT 200 YARDS. 


Based on Hornady Ballistics, .30-'06, SP, Muzzle Velocity of 2,700 f.p.s. 
1.5" +2.7" 


-11.3" sight line 


exupperated for clarity & not to scale 
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NO ELEVATION 


trajectory 


WITH ELEVATION 


trajectory 
= sight line 


exaggerated for clarity & not to scale 


лыт, ho. p ——-———_——_—_— 
NOTE # 1: The projectile never goes above the bore line. The drop 
begins at the muzzle. 


NOTE # 2: The projectile does not rise or climb; it cannot, It may 


appear so in the drawings, but it is only in relation to the sights and not 
the bore. 
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DROP 

lt is always good to know how much a projectile will drop below 
the line of departure at any given range. It is basic and essential to a 
trajectory. 

The constant acceleration rate of gravity is generally considered to 
be 32.17 feet per second. As explained in more detail elsewhere in this book, 
the bullet will not fall 32.17 feet in the first second as И starts al zero and has 
to accelerate, but it will increase in drop speed at 32.17 feet for each second. 
Regardless af the drop in the first second, at the start of the next second, the 
rate of fall will be 32,17 f p.s. This will increase by 32.17 to 64.34 by the end 
of the next second. Normally, 16.1 is used for the first second and 48.27 
fp.s. for an average velocity rate. The fall rate would be 64.34 f. p.s. at the 
end of the next sec. And so on for each second. 

The amount of drop can be computed easily by the use of a formula. 
"When the acceleration 1s constant, the distance dropped in any amount of 
seconds is equal to one-half the acceleration times the square of the mumber 
of seconds.” One-half the acceleration is 16.1. If we use 2 seconds for an 
example, 2 squared (2 * 2) is 4 and 16.1 * 4 = 444 . Of course, the 
acceleration spoken of is vertical drop. The bullet's horizontal flight path is 
not accelerating but decelerating. 

* Another way af expressing the same formula: 

Drop=1/2¢T 
Where: G= gravity at 32.17 (This makes the distance of fall 16.085 T° ) 

Т = time of flight 
Ф This formula is basic and gives only the drop in free fall, This will 
be close enough for short ranges only. For a more accurate drop figure based 
on the bullet passing through air resistance, substitute variable / for constant 
р. To find the value for /': 

f"g|1-5bCV-v/V)] 

Where: g= gravity at 32.17 

b = for velocities down to the first 2/3 rds. of the muzzle 

velocity, 

= muzzle velocity 

v= velocity al range 

This formula is widely quoted and used frequently. It is 
credited to The British Texthook of Small Arms of 1929. Remember that the 
age of data is unimportant as long as it is still correct. Facts do not 
become out of date with age as will an automobile, They can be replaced 
by new research but not by age alone. 

Drop figures are important in setting sight elevation and it is given 
in many ammunition manufacture's ballistic tables. Many people today will 
use a computer to obtain the figures. 

Field testing for drop can only be done properly if we use a method 
similar to the one described in Chapter 8 under NUTATION. If we take our 
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shots at different ranges and different positions, the results will not be 
consistent enough to be valid, The only way is to set up a series of targets 
down range at measured intervals and on a reference line so that the same 
round will puncture all of them. Use a target telescope and set the farthest 
target first and then the next closest and continue to move toward the 
shooters position. A reference mark should be carefully placed on cach target 
on a straight line, Setting up and marking these targets requires two people, 
as one cannot do it alone. After each shot, measure the height of the hole 
above or below the mark оп each target. These heights can later be placed on 
a graph to indicate tlie trajectory. 
ELEVATION ANGLE 
* Trigonometry will tell us the angle of elevation with drop in fect 
and range also in feet. (Not yards because both have to be the same.) 

Tan Q= drop | range 

The Greek letter theta, or any other for that matter, is normal 
practice in ingonometry and nothing to get upset over. Check chapter 2 on 
mathematics. With a scientific calculator it is just a matter of pushing a 
button or two, This is just one of the basic formulas of the six functions of an 
acute angle of a right triangle. It is an adaptation of tam @ = opposite side | 
adjacent side. 
* Another method is easy and convenient for computing an elevation 
angle. it requires looking at а ballistics chart for the midrange trajectory 
height for the cartridge in question. It is based on two facts. (1) The total 
drop over a given range is about 4 times the midrange height. (2) The 
amount of elevation is one minute of angle for each one inch of drop per 
100-yards. For example, a cartridge with a midrange height of 2.5" in 200- 
yards would have a total drop of 10" in the same 200-yards. (2.5 * 4 = 10) 
The 10" drop corresponds to an angle of elevation of 5 minutes since 1- 
minute = 1" for about each 100-yards, In many instances, the answer will be 
slightly high, but in most cases, the error will be much less than one minute 
and will be of no concern. 
1,000-Y ARD TRAJECTORY 

It is difficult to visualize, but at the long range of 1,000-yards, a.30- 
06 - 180-gr. match load will drop 370 inches. This is from a 24" barrel. A 
28" barrel lowers the drop to about 320 inches. Using the 370" figure, that 
means that if we angle the gun up to the proper angle of elevation to strike a 
target that is on our horizontal level, the bullet will arc up 370 inches above 
the line of sight. If we change that to feet, it is 30.8 feet or about three stories 
high. Incidentally, the angle of elevation will be about 63°. Of course these 
figures are only approximate, because of all the variables such as humidity, 
barometric pressure, temperature, etc., nevertheless, it is an impressive 
figure, (See Chapter 19 for more on long range.) 
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AIR DENSITY & KINEMATIC VISCOSITY 

Some hunters and gun writers say that altitude and temperature 
have no effect. This is wrong. Others say the effect is minimal or small. This 
may be, but it will depend on what type of shooting is being donc and what 
accuracy level is acceptable. At 10,000 fect elevation, where some hunting is 
done, the density ratio is .738 compared to sea level and the pressure ratio 
drops .31. It is also interesting to notice that if the temperature decrease were 
standard, the speed of sound would drop 23.1 knots compared to sea level. 

The atmosphere, which envelops the earth, has a recalcitrant effect 
on ballistics. Kinematic viscosity and air density cause a slight variation in 
both velocity and the rate of projectile drop caused by gravity. Altitude 
affects density, as the air is thinner at higher altitudes than at sea level and 
will offer less resistance. Altitude will affect the drop caused by gravity and 
the velocity loss. The decrease in density with increases in altitude will 
continue until the air and density disappears completely. (At 100,000 feet, 
the density ratio is only 0.0132) 

Air density also drops during periods of low barometric pressure, 
normally associated with poor weather and rain. 

Air density, to be technical, is the weight of one cubic foot of air. 
The standard is at 59" F. at sea level where the weight or density is .0765 Ib. 
per cubic foot. 

Also, the ballistic coefficient changes as the shooter climbs above 
sea level. At 13,000-ft. altitude, the coefficient is about 1.6 times the sea 
level number. Technically, as explained in Chapter 14, it is the apparent 
coefficient that is different. The actual coefficient will remain the same. 

The change in performance is not great, but it still cam cause a hunt 
to go sour if things were marginal to begin with. Hunters in the Rocky 
Mountains who have rifles zeroed at low altitudes can expect them to shoot 
higher at the higher elevations, No exact figure can be piven because it 
would depend on variables such as altitude, caliber, ammunition, range, etc, 
Sighting-in again at the new altitude would be recommended. For a starting 
point, look for a change in the area of 2". 

Kinematic viscosity is the resistance of matter to flow if il is a 
liquid or yield to stress if it is a solid. It is based on the abstract without 
reference to force or mass. Simply, for our purpose now, it is the stopping 
power of air. Wood will have a powerful kinematic viscosity and stop a 
bullet quickly. Water will have less, but will still stop it after a distance. Air 
also will stop it after a much longer distance. The kinematic viscosity of 
wood will vary. For example, soft pine would be less than a hardwood like 
walnut. Air also will vary but the viscosity of a gas is unusual in that it is 
generally a function of temperature alone and an increase in temperature will 
increase the viscosity. The change at altitude is a result of the lower 
temperature usually found at the higher elevations. This is similar to the 
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discussion of the speed of sound that was in Chapter 13, There, temperature 
was also the only factor. 

The coefficient of absolute viscosity is assigned the shonthand 
notation 4 (mu). Since many parts of ballistics and aerodynamics involve 
consideration of viscosity and density, a more usual form of viscosity 
measure is the proportion of the coefficient of absolute viscosity and density, 
This combination is termed the kinematic viscosity and is noted by v (nu). 

+ v-ulp 
kinematic viscosity = coefficient of absolute viscosity / density 

The kinematic viscosity of air at standard sea level conditions is 
0.000158 sq. ft. per sec. At an altitude of 5.000 ft. it has increased to 
U.000178 and at 10,000 feet to 0.000202. 

Density altitude is an appropriate term for correlating performance 
in the nonstandard atmosphere. It is the altitude in the standard atmosphere 
corresponding to a particular value of air density. Involved are both pressure 
(pressure altitude) and temperature. 

Based on altitude alone, the velocity difference at Denver, 
Colorado, which is about a mile above sea level, would be about 200 f.p.s. 
faster at 500 yards. (.30-06 at 2,700 f.p.s. muzzle velocity, 180-grain bullet.) 
A very high temperature at lower altitude will have a similar effect. 

While altitude and temperature play a small part, air resistance is a 
major force in slowing the projectile's velocity. Bullet shape and type also 
are important. (Air resistance and bullet shapes are both covered in more 
detail in chapter 13 & 16.) An example: the 156 grain .30-'D6 bullet with a 
muzzle velocity of 2,700 f p.s. will meet about 12 pounds of air resistance. 
This will change the bullet's velocity 56 times as fast as the change in 
velocity caused by gravity. 

The bullet's shape will affect air resistance. A streamlined bullet 
will cut the air cleaner with less resistance and that will let it hold its velocity 
longer, which in turn will cut down its flight time. That will give it a flatter 
trajectory because of less time for gravity to act upon it But, act it will and 
at thé same rate as any bullet of any shape: less drop because of less time in 
flight. If, as in our previous example, it is in the air 2 seconds, it will still 
drop 64.4 feet. Of course, these long 2-second and 3-second times are used 
to simplify the examples. Most actual shooting would be a small fraction of ü 
second with some long-range rifle shooting reaching the longer times. 
TEMPERATURE 

Air temperature enters into the ballistic picture in three distinct 
ways. One is with density, another is elasticity of the air, and the third is the 
effect on the cartridge, primer, and powder. Elasticity acting on the velocity 
of sound influences the effect of temperature on air resistance. The elasticity 
of the air affecting the velocity of longitudinal wave motion in the air is a 
function of the temperature. Within reasonable bounds, it is not influenced 
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by density changes. (For speed of sound and wave propagation, see Chapter 
13.) 

For constant pressure, a given quantity of air changes density with 
temperature approximately according to Boyle's law. (prk where I’ is the 
total volume, p is the total pressure, and & is a constant.) The temperature 
changes muy be daily, seasonal, geographical, or irregular variations from 
weather factors. 

Temperature has an effect on air density with cold air being denser 
and hot air less dense. As any aircraft pilot knows, the combination of high 
altitude and hot temperature can be deadly for aircraft performance, but it 
also affects firearm ballistics. The effects on long range shooting are well 
known. The change is due not only to air density, but also to changes in 
cartridge pressure. A lower temperature will lower the pressure and the 
velocity. Shooters that compete at ranges out to 1,000 yards will notice this 
effect. At this extreme distance, a 10° F, change in temperature will need a 1 
Minute Of Angle change in clevation. Large temperature differences will 
cause large elevation changes, all else being equal, (Remember that we are 
discussing extra long range shooting. There would be a change at a short 
range, but it can be disregarded.) 

A temperature change of 17^ F. will influence the air density the 
same value as an elevation change of 1.000 feet. 

Cold temperatures retard powder combustion. À major powder 
manufacturer, DuPont, says that with smokeless powder, a velocity drop will 
occur below 70° Е. of 15 f.p.s. per degree. Example: Temperature at 25° F.-- 
-70-25-245* 14 = 67.5. А 67 fps. drop is not enough to make much 
difference in all but the rarest cases. lf someone in the far North were 
hunting at 41" Е. below zero, the drop would be about 167 fps. A full 
hundred lower than at 25" but still not much for most firearms used in that 
area. Still, if hunting with a marginal caliber weapon, it should be 
considered. 

Humidity also has a measurable effect with the higher the 
humidity, the more the air resistance. 

(Note that the above discussion an density and temperature is also 
covered from a different perspective in Chapter 14 because of the change 
that these conditions cause to the ballistic coefficient.) 

BALLISTIC & TRAJECTORY TABLES: 

Ballistic charts are great things to study and compare cartridges, 
their muzzle velocities, and the velocities at different ranges. Energy, 
trajectory, bullets weight, all of the things that hunters, sportsman and target 
shooters find interesting. With help from information in this book, the charts 
can provide a world of valuable data, 

A lot of arguments concerning the "best cartridge" can be won or 
lost with a ballistic chart; but as has been said many times, the proof is in 
shooting your own gun. Test it on the range and sce for yourself. 
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Velocity figures published by the manufacturers may be a little high 
because they do the same thing we would all do in their situation, They use 
the best barrels, which аге made to minimum dimensions. This will always 
increase velocity and pressure a small amount over normal. The average gun 
we purchase will not perform to laboratory standards. This applies to 
handguns and shotguns as well as rifles, 

The ballistic charts are wonderful and valuable toys or tools, 
depending on your purpose, but don't believe every number. Sort of like your 
loved oncs when you ask them how you look. They won't lie to you, but they 
may fib a little. 

How can a table be used to sight in a rifle? Disregarding wind 
deflection and numerous other factors discussed in this book, we should now 
look at how data оп а trajectory can help us properly sight in a gun, 

A rifle is sighted in to get the point of aim and the point of impact 
the same al à given range. That range can be anything that the combination 
of gun and ammunition can reach (energy and velocity considerations not 
withstanding). Many hunters just pick a distance that is available on their 
shooting range without further thought. As we shall see, this is an unsuitable 
method. 

Because of gravity and drag and other circumstances, the bullet 
starts to arc downward after leaving the muzzle. It is wrong to believe it rises 
on exit for any reason. For all practical purposes, it drops. To compensate for 
this, the bore is pointed above the intended impact point and the bullet then 
drops down to meet it. The rise in the arc is because the barrel is angled 
upwards, not because the bullet rises or climbs above the bore axis. Ta 
repeat. it does not climb above the bore, 

All factory trajectory charts show a distance for a given cartridge 
that was used as zero in their figures. Rifles will run from 50 yards to 300 
yards with 100 yards and 150 yards as the most common. Shotgun slugs are 
usually given at 50 or 100 yards, Many charts will list 2 zero points, one for 
short range, and another for long range. The shooter can take his choice 
according to his needs. Or, he can pick neither if a third choice suits him 
better. For a new choice, he will have to work out figures for drop. The 
information needed is available in this book. 

If the vital area we want to hit is about 6" or 8" in diameter, à 
cartridge zeroed at 200 yards may be within the circle at any range from zero 
to about 230 yards, depending of course, on the cartridge involved. Beyond 
that, the gun would have to be aimed higher just to stay in the circle and 
higher yet to get back to the middle of the circle. If the hunter expected to 
hunt regularly at 300 yards, the zero should be changed to 300 yards. That 
would, of course, raise the amount above the sight line for à hit at à shorter 
range. 

With the exception of the slow velocity cartridges such as 30-30 
Winchester and .45-70 Govt, most that are zeroed at 200 yards will shoot 
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reasonably close out to almost 300 yards. An average would be about 2" high 
at 100 yards and 8" low at 300 yards. If only a [00-yard range is available 
for sighting in, then if set 2" high at 100 yards: they will be satisfactory to 
300 yards. Of course this is a generalization. Check a ballistic table for each 
cartridge in question. 

Each cartridge has a maximum usable range. The trajectory tables 
will give the figures that are needed to sight in and use a gun and cartridge 
combination, The ideal situation is to have the gun sighted-in so thal, in the 
entire distance that we expect to shoot, the bullet will not be above or below 
the horizontal line by over 3" or 4". In that case, we would not be off target 
over 3" or 4" on a 6" or 8" vertical line. Also, we should know how high to 
aim for a longer shot. And just as important, we would realize if it were too 
long for a likely hit. (Energy, stopping and killing power at range is another 
important subject. Here we are discussing just trajectory. Also, for many 
target and varmint shooting cartridges, those dimension figures would be too 
large.) 

Handguns and shotguns with slugs, when used at long range, have 
the exact same situation as rifles. The only difference is the ranges аге 
shorter and so the highs and lows of bullet drop are not usually as great. If 
the charts show the bullet drop to be excessive, then we should stop to think 
if perhaps the range is too long for the gun and caliber. 

Presently a computer is used to calculate the vast amount of 
numbers on the factory charts. Ballistic coefficients and muzzle velocities 
are used to predict what is expected. Thesc are tested and, at the ranges in 
most charts, the accuracy is very good. Military tables are accurate at much 
longer ranges and come from the same basic information. They also include 
time of bullet flight and angles of elevation. 

The U.S. Military first measured times of flight for long ranges in 
1879 at the Sandy Hook Proving Ground. A new invention by Alexander 
Graham Bell (1847-1922), the telephone, was used to transmit the sound of 
the gun firing to a person with a stopwatch located near the target. This 
sound would move through the wire at the speed of light, instead of through 
the air at the speed of sound, (186,330 miles per sec. in a vacuum vs. 1,116 
feet per sec. in standard conditions.) The stopwaich was started at the sound 
of discharge as heard over the phone and stopped at the sound of the bullet 
hitting the boards used in the target. There were enough shots recorded over 
the days to arrive at reasonably accurate figures. The ranges were as long as 
3,000 yards. The military still uses direct measurement for both long range 
artillery and small arms up to 1,500 yards. 

TRAJECTORY MID-RANGE HEIGHT: 

The midrange trajectory height is the highest point the bullet will be 
above the sight line. Usually at about 55% of the downrange distance, it is 
valuable information when sighting in and hunting. Note the shorter height 
of the sight line as compared io the bore line. Ballistics tables may give the 
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height above either the bore or sight line. Read the small print to see which 
method is given. 

+ Mathematically, we can use A = 4 7° to find the trajectory height 
with 7 being the flight time to the target. The answer will be in feet. This is 
suitable Fy most ranges, but for extreme long range or higher accuracy use A 
= 405 T. 

+ There is a method of calculating the trajectory heights at points 
other than the midrange. It is an old formula, devised, or at least published, 
by a British officer named Sladen in 1879. It has been well tested and shown 
to be accurate. It is still in use today. 

h-1/2g t(T-r) 

Where: А = height at any point desired (in feet) 

T = time of entire flight (in seconds) 

f= time to point where height is desired (in seconds) 

E = gravity 

Note: This is simple subtraction and multiplication. For $ g use 
16.1 (or for more accuracy 16.08) times t. Subtract ¢ from 7 and take the 
answer limes your other answer. 

MID RANGE HEIGHT FALSEHOOD: 

It is a common belief that if the mid-range height and the impact 
point are the same, the basic trajectory is the same. At first thought, it sounds 
sensible. Ш two of the key points are about the same, then they have a similar 
trajectory, The problem is; those two points can be the only places that are 
similar and all the rest can be different. 


Bore line & projectile's departure line, 


SIGHT LINE Target 


Note: total drop is 4 times the mid range height (МЕН) based from the 

sight line. 

exaggerated for clarity 
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| same maximum height 


sight line — 


same impact point 


exaggerated for clarity 


This chari is on the caliber 30 МІ with a 172-grain bullet at a 
muzzle velocity of 2,700 fps. lt is from U. S. Army tests аі Aberdeen 
Proving Ground, 


Range Angle of Time of Velocity Energy Maximum 
in departure flight remaining Ordinate 
yards minutes seconds ес ft-lbs feet 
0 0.0 0,000 2700 2785 0.0 
100 2.3 0.115 2539 2463 0.1 
200 4.9 0.237 2384 2170 0.3 
300 77 0.367 2232 1903 0.6 
400 10.8 0.506 2084 1660 1.1 
500 14.2 0.655 1940 1438 1.8 
600 17.9 0.815 1799 1237 2.8 
700 22.0 0,989 1660 1053 4.1 
800 26.7 1.177 1526 889 5.8 
900 31.9 1.383 1397 745 7.9 
1000 37.7 1,608 1275 621 10.3 
1100 44.3 1.855 1161 515 13.9 
1200 32.0 2.124 1083 448 18.3 


The maximum trajectory ordinate is the maximum height above the 
horizontal range line of the projectile as it follows a ballistic curve between 
the point of origin (the muzzle) and the point of impact. It is common to use 
50% the range for the ordinate but in most cases, due to aerodynamic drag, 
the actual distance will be closer to 55% of the range. 
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To calculate a trajectory ordinate, use this formula: 

y7x/1000 (A, -.4,) 
Where: y = height of ordinate in yards (not feet) 

Ar — angle of departure of the trajectory in mils. 

Ax = angle of departure of the range in mils. 

x = horizontal range to ordinate 

Note that the mathematics is simple and basic, but this example 
chan gives departure angles in minutes and the formula calls for mils. Don't 
forget to convert. Mils is equal to 3° 22.5" of arc or 3.375 minutes. (Mils is 
covered in detail beginning on page 256.) 

SIGHTS: 

First, it is important to remember that moving a sight does not 
change the bullet's trajectory in relationship to the barrel. It simply is getting 
the sights to point where the bullet hits. 

The sights are adjusted to score hits at a set range and the bullet will 
cross the sight line from below because it leaves the muzzle from below. At 
very close range, the aim should be a little high because the bullet is 
traveling low. All trajectories are different but a good crossing distance will 
be about 15 yards for a .22 R.F. long rifle and for a high velocity bullet it 
will be out around 25 to 30 yards. Inside this short range, very accurate 
shooting, such as at a snake's head at 10 feet, will require a slight high aim. 
Try it and make a mental note of how your favorite gun shoots up close, It 
won't be much, with the 12" height of the average telescope sight above the 
bore centerline, but the rattler may need a good hit with the first shot. 
(Details and the mathematics for the crossing distance are оп page 242.) 

Most sights are mounted above the gun's bore and for mathematical 
purposes, we usually say that a telescope sight is 1.5" above the center. For 
metallic sights, the figure 0.9" is frequently used. While these are standard. 
there will be some variation and it should be changed to suit each gun and 
sight combinatian. The height has to be considered in all accurate trajectory 
computations. 

Example; For an example, consider a rifle with the telescope 
mounted on the side with the same centerline as the bare. (Like a top-eject 
Winchester 94, only lower.) We will consider the centerline of each is 
parallel, lying on the same plane with the sight not elevated to zero the gun 
al any range. We will use the ballistics for a Federal 308 Winchester 
cartridge with a 165-grain bullet at 2,700 fps. muzzle velocity, Remember 
that the sight is at the same height and parallel to the bore. 

Checking the ballistic charts, if we aim at a target 200 yards down 
range, the bullet will strike 10.2" low. To zero at 200 yards, the sight would 
have to be elevated to raise the strike point 10.2". If the sight is then placed 
on top in the normal position, the elevation will have to be raised another 14" 
(1.5") for a total elevation af 11.7". This was figured at 200 yards. For апу 
other range, multiply the number of yards by 11.7" and divide by 200, 
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Example at 400 yards: 11.7 * 400 = 4,680 and divided by 200 = 
23.4". The bullet drop for 400 yards is given as 46.3" below the bore or 
47.8" below the line of sight for the telescope. Subtract the 23.4" from the 
47.8" and the hold over figure is 24.4" for this cartridge zeroed at 200 yards 
and aimed at 400 yards. Using a ballistic table giving bullet drop for the 
cartridge you are interested in, this can by worked out for any ammo by 
simply substituting the correct numbers. 

SIGHT ADJUSTMENT; 

The basic rules for iron sight adjustment: The rear sight is moved 
in the direction that you want the projectile to go. The front sight is 
moved opposite the direction that you want the bullet to go. Rifles, 
handguns, shotguns are all adjusted with the same basic principle. 

Telescope sights are not all mounted or made the same. If the rear 
mount is moveable, adjusting it does the same as a rear sight, so it is moved 
the direction you want the projectile to go. Many scopes are mounted fixed 
and the adjustment is internal. In that case, either follow the directions on the 
knobs or move the reticle as a front sight and move it opposite the direction 
you want the projectile to go. 

Make at least 3 or 4 shots before changing the adjustment. You 
want to establish a group, not what could be one wild shot. The group size 
has to be on the paper first, and the whole group moved toward the center. 
Or, perhaps it would be easier to think in terms of moving the sights instead 
of the group. One thing to keep in mind is the group will not get smaller if 
each shot is aimed the same. The group center is zeroed in at the chosen 
range and nothing in sight adjustment will help the wild shots (fliers). 

Sight adjustment can be made easier if it is known how much to 
move the rear sight to obtain the result on the target. This can be computed 
easily with any gun. It is handy when sights have been changed, a barrel 
shortened, or a special situation takes place. 

* Ts5R*D!S 

T 7 displacement of impact on target 

К = range 

S = Sight radius (distance between front & rear sight) 

D = distance between markings on sight, (Can be measured 

accurately with calipers.) 

For the rare cases where the front sight needs to be lowered or 
raised, usually on revolvers, this formula is a big help. 

+ Х= КЕ/р 
Where: А = (һе sight radius 

D = distance to the target from the muzzle in inches 

Е = the desired change im vertical impact (may be minus, if 
necessary) 

X= Amount to raise or lower the front sight 
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Those are simple and no examples are needed. They can save time 
and ammunition compared with the usual trial and error technique. 

Micrometer rear sights on many rifles use a standard screw with a 
40 pitch. This means that one full turn moves the screw L/40-inch. If the 
screw is graduated in 12 places, then each mark is 1/12 of 1/40-inch, or 
1/480-inch. This works very well with a 30-inch sight radius. Be careful of 
slop (looseness) in the threads when reversing direction. If the sight is not 
spring loaded, all sight adjustments must be made by moving in the same 
direction, If moving back, go back too far, and then come forward again to 
the new position, 

Bracketing is a useful technique when bore sighting or no other 
method has succeeded in a hit on the target. Then it is necessary to make 
changes in both directions until a strike can be found. It is not generally good 
to waste time with small adjustments that are inadequate. Bold changes are 
in order and even though liberal changes may be too much, it will usually 
pay aff. It is called bracketing and is used in a similar way by artillery, The 
idea is to find a point on each side and take a midway position and note the 
error. Split that position with the past one from the other side and continue 
until the sights are in proper adjustment. The idea is to bring in to center the 
strike by a reversal of the direction of error back from one side to the other 
side, 

SHORT RANGE SIGHT-IN: 

* To set new sights or after the purchase of a new or used gun, the 
sights can be set decently at short range so they will hit close at long range. 
It the bullet hits properly at the short distance where the bullet and si ghiline 
cross, then it also will hit very near (disregarding wind deflection, etc.) at a 
longer range. For the shooters that want to calculate it, the math is easy. For 
those that use standard ammunition and don't want to bother with the 
mathematics, a table is included. 

CR-R*H!D 
Where, 2 drop 

Н = height of sight above bore center line 
К = range 
CR = close range 


The following sketch shows why this formula and the close sight-in 


works. It is based on the basic mathematical premise that both the large and 
small triangles are in the same proportion to cach other. 
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TARGET DISTANCE FOR CLOSE RANGE 
Bullet Muzzle Trajectory Targeting 
weight velocity Range Height distance, yards 


Cartridge grains fps yards inches iron scope 
22 WMR 40) 1910 100 17 15 20) 
.222 Rem, 50 3140 200 24 20 28 
243 Win. 80 3550 300 4.7 =- 24 
243 Win. 100 2970 200 2.1 22 31 
‚280 Rem. 150 3050 200 2.5 18 25 
30-30) 170 2220 100 1.2 19 - 
20-06 150 2920 200 24 21 29 
.30-'06 220 2410 200 aT 14 20 
.300 H&H Mag. 180 2880 200 2.3 21 29 
308 Win. 180 2610 200 3.1 16 23 
275 H&H Мар, 300 2530 200 3.3 15 22 
BARREL HEATING: 


Excessive barrel heat from firing will change the point of impact. 
This is little concern to a hunter, as long as his rifle is sighted in for a proper 
hit with the first shot from a cold barrel. A target shaoter should learn what 
to look for with rapid fire. For accuracy, slower shooting requires the shots 
be spaced to hold a uniform barrel temperature, perhaps a little warm but not 
too hot. As stated many times, each firearm and cartridge combination will 
respond differently. If accuracy is important, experiment witli the gun and 
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ammo to be used at the range to be worked. Going hunting? Remember 
that the special, once in a lifetime shot, will almost certainly be from a 
cold barrel 1f you have played around on the range at sighting-in and the 
barrel has heated, let it cool before the final sight adjustment. 
RANGE-FINDING: \ 

All of the trajectory charts іп the world will be useless if the shooter 
doesn't know the distance to his target. Not exactly, of course, but close 
enough to get the projectile into a vital area. Most errors in long-range field 
shooting arc caused by errors in estimating the range. Knowing it is 
essential. 

It is best to have a suitable caliber and a range that is not too 
excessive because even experienced people with perfect eyesight cannot 
estimate range closely. 10% to 15% is considered a very close estimate, 
Errors of 2055 are common even by skilled people. A 15% error at 350 yards 
would be a 52.5-yard error. That is enough to promise a wounded animal or 
a complete miss. Even 15% at 200 yards for a 30-yard error could be a 
problem if the gun was zeroed for 200 or less and the error was on the long 
side. 

Estimating distance is difficult because a human's eyes are close 
together. This reduces the three-dimensional effect, sometimes called 
stereoscopic vision. It is more difficult as the distance increases, and yet 
because of trajectory, wind drift and other concerns, accuracy is more 
important. (But harder to obtain ) 

The general rule for horizontal shooting is that the errors will be 
toward the long side on hilly or rough terrain, when the game is in the shade 
or just partly visible, and when the sun is behind the game. The estimate may 
be short over open country, water, and when the sun is behind the hunter, 
Anything that interferes with vision will make it more difficult. Rain, snow, 
heat waves in hot weather, shadows from drifting clouds, uphill or downhill: 
all of these and more can add to the error. Even high humidity can creaie 
problems. Obstructions such as thin woods and the sun's position can change 
the impression, especially in late afternoon or early morning. On а sunny day 
when objects appear sharply defined, they seem closer than in weather that 
restricts vision. Every shooter perceives it differently depending on his 
visual capacity and mental perceptions, 

Unfamiliar terrain adds its own special problems, A hunter from the 
eastern woods may have trouble in the western plains and hills. Mountains 
and deep valleys have their own estimating problems, 

, The most common method of estimating range is by comparing the 
range in front of him to a known distance in his memory. The football field 
is the most common because most people are familiar with its look and 
dimensions, For example, it is not too difficult to guess that a range is 3 
football fields in length. 
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An approximate estimate of range can be made of any object by 
pointing at it with the index finger while the arm is stretched toward it, Close 
one eye and note the finger's position. Then do the same with the other eye. 
While holding the extended finger sull, it will appear to move sideways. 
Some people obtain good results by rapidly alternating from one eve to the 
other as they study the view. The distance to the object is about ten times the 
distance the finger appeared to have moved on the scene. With a little 
practice it can work surprisingly well. There are other methods of measuring 
distance without instruments, but this is by far the quickest and easiest. The 
reason? The length of the average person's arm is about ten times the 
distance between their eyes. 

Some hunters try to estimate range by picking oul a point that is 
about half way to the target. This distance is estimated and then they 
mentally multiply it by two, double it in other words, to obtain the range to 
the target. This works well for some people because shorter ranges are easier 
to guess. 

Another method of range finding works well if the hunter knows the 
average dimensions of his game. Experience will help to deduce how the 
sight or scope picture will look at different ranges for an animal of that size. 
The problem; most hunters don't hunt enough to become familiar with the 
sight picture of their game at various ranges. The hunter should become 
familiar with the details that can be recognized at various ranges for the 
game he is hunting. Can the details of the fur be made out at 100 yards? Can 
the eyes be seen clearly at 300 yards? Full size targets in the game silhouette 
and set up at different distances can be a learning experience. Actual 
shooting is not required. This can be a big help for hunters who live where 
mast of the animals they see are dags on leashes. 

Regardless of what method is used, it is a good idea to make several 
estimates and then pick the average of them. Perhaps a long estimate and a 
short estimate and then use the midpoint. 

Handheld range finders arc valuable for hunters. Most operate on 
the split image principle where a dial is adjusted until two images coincide. 
Then the distance to the paint is read from a dial. None are perfect, and all 
require that the directions be followed exactly, but some work very well. The 
largest benefit comes from hunting from a stand or fixed point. Check in 
advance the distance to various points around the hunting area. If you know 
the ballistics of your cartridge as well as your own ability, limiting your 
shooting to that maximum range is a good practice. 

The smart pioneers and early settlers expected trouble from Indians 
and various enemies. From their fort, prairie farm home, or western ranch 
house, they paced off the distance to landmarks within range in all 
directions. They realized that for a field of fire to be both effective and 
deadly, it must be at a known distance. In no other way could they protect 
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themselves properly. Pacing off the range or using a range finder to various 

landmarks is still a good practice when hunting from a stand or fixed point. 
Whatever the method used, it will be more effective if it is done 

with care and not hurried. Of course, when the game is acting jittery and 

appears ready to run, it is difficult to have the virtue of patience. 

UP OR DOWN HILL SLOPE: 

Trajectory ballistics is said to be rigid and hold up through small 
angles of change. The horizontal standard, as used in ballistic tables, is valid 
for most shooting conditions. Unfortunately, rigid, meaning not changing or 
bending, is only applicable through angles from the horizontal to about 
10" up or down, While this may include many shooting conditions, it does 
not embrace them all. 


The main difference between shooting on a flat area (horizontal) 
and shooting game that is much higher or lower is the visual perception. A 
common error is aiming too high on an uphill shot or too low on a downhill 
shot, although the error may be any number of ways because there are a lot 
of wrong ideas floating around about this subject. Even among gunners that 
understand the theory correctly, errors are made in different directions. 
Every shooter perceives the problem a little differently depending on his 
visual capacity and mental perceptions. It is hard to estimate the slope 
distance and slope angle, even if properly trained. As a general rule, errors in 
estimating range will be toward the long side on hilly or rough terrain (as in 
up or down slope) and estimated short over open country and water. 

There is a ballistic slope error in an uphill or downhill shot which 
changes the projectile's drop by a noticeable amount. The interesting fact is 
that it is the same uphill or downhill. No difference to the projectile, only in 
the way a person sees it, although the projectile will always strike higher on 
a slope shot than on a horizontal shot. Always higher, unless corrected, and it 
does not matter if the shot is uphill or downhill, 
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SLANT RANGE TRAJECTORIES OVER 10 DEGREES 
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exaggerated for clarity LINE OF ELEVATION 
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Trajectory to a Target Not at the Level Point. 


> Note: in the following explanation, all the experts agree on the 
fundamental details, but a few of the small secondary elements are debated. 
To put that in different words, everyone agrees as to what happens, that is 
obvious and proven, but there is some argument over why. 

One common mistake is in believing the velocity is changed by 
gravity slowing the uphill shot and speeding up the downhill shot. This is 
generally discounted because a bullet's weight is not sufficient, even in the 
bigger bores, to accelerate or decelerate it enough to have much effect on 
either the flight time or the trajectory. 

A great deal of theory is based on the angle af the projectile's path 
in relation to the pull of gravity. The trajectory is flatter because the angle 
reduces the horizontal distance the bullet travels and the effect thal gravity 
has on the projectile, The same linear distance, if horizontal instead of up or 
down a slope, would put the projectile in ihe horizontal gravity pull for a 
longer distance. In other words, it is the horizontal distance traveled that is 
important, not the actual linear distance. Remember that gravity works 
perpendicular to a horizontal line. The idea is that when a projectile is 
moving at an angle to the horizon, gravity's force is reduced by the 
difference between the linear range to the target and the horizontal distance. 
Of course, the force of gravity remains the same. Nothing here changes the 
laws of nature; it is simply following the laws as always. Gravity is fixed and 
the angle of the projectile's flight path to the horizontal is a variable that can 

Some people with a good background in the subject believe gravity 
has such a tiny effect, it is best to disregard it. The changes by other causes, 
mostly air resistance, are the ones that count, Gen. Julian Hatcher figured 
that a 150 grain .30 caliber service bullet on an uphill shot would lose speed 
lo air resistance at about 50 times the rate that it would be slowed by gravity. 
The modern thinking today is that, as just explained, gravity and the 
horizontal range, are the controlling factors. 

The drop at the different angles can be figured. To do so, you must 
know or estimate the angle and distance. The projectile's drop is based on 
the horizontal distance, not the slant range. Of course, the horizontal distance 
is always shorter. 

As stated, the drop is based on horizontal range yet the slant range 
is what an instrument or eye will measure. The slope angle can also be 
measured or estimated, although in hilly or mountainous country, it is 
sometimes difficult to figure where the horizon would be. The horizon point 
needs to be known to estimate the slope angle with any accuracy. 
Instruments with: bubble levels are available, but hardly practical to use on a 
hunting trip. As we discussed a page or two earlier, range estimates are hard 
to make accurately even on flat ground. 
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After estimating or measuring the amounts, multiply the slant range 
by .97 for a 15" slope angle, ,87 for a 30° slope angle and .71 for 45° slope 
angle. 

j Example; Game or a target at a slant range of 310 yards for a 15° 
slope angle, multiply 310 by -97 for a horizontal range of 301 yards. The 
same 310 yards at 45" slope angle would give a horizontal range of only 220 
yards. ( 310 * 71 = 220 ) Aim to compensate for 220 yards, A high 
overshoot will happen if aimed for 310 yards. 

Always aim as if shooting at the shorter distance. 

No hunter is expected to have a bubble level, a protractor, these 
charts, and a calculator with him or her while hunting. The purpose in this 
section is the same as all other parts of this book. To explain in detail why 
and how a particular thing happens the way it does. And a lot of hunting 
shots are missed for lack of understanding this subject. While it is 
unimportant at the small angles, it can become very significant at the big 
ones. A good basic knowledge will enable the hunter to estimate or make an 
educated guess how much to lower his aim. 

Always aim lower because, as the text clearly shows, any slant 
range shot, either up-hill or downhill, will be higher than if it were a 
horizontal shot. The range and angle may influence how much higher it 
will strike, but to be on target, the gun will always have to be aimed 
lower. 

Depending on the caliber and the sighi-in range, slant range 
shooting will have little effect out to 150 to 200 yards, 


Trigonometry for a right triangle. 
hypotenuse 
Opposite side 
adjacent side 


The problem is based on trigonometry, The horizontal range is the 
shorter adjacent side of the right triangle where the slant range would be the 
hypotenuse. The opposite side is the rise or drop. The multiplier is the cosine 
of the slope angle, 

A complete chart in 5” increments is given. While interpolation can 
be used to find the number for an intermediate angle, if a scientific calculator 
is handy, just press in the angle and then press COS (cosine) to obtain the 
multiplier. Slope up or down is the same. 
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Multiply slant range 


Degrees by cosine 
0 degree 1.00 
3 ‚99 

10 98 

15 97 

20 .94 

25 8l 

30 RT 

35 82 

40 mi 

45 71 

30 164 

55 .57 

60 ‚50 

65 42 

70 .34 

Th .26 

80 17 

85 ü9 

0 0 


WIND DEFLECTION ON SLOPE SHOTS 

It should be noted that wind deflection is based on the slant 
range and not the horizontal range because that is the actual bullet path 
for time and effect. 

CANTING 

Canting is tilting the gun to the right or left as it is fired. If a 
trajectory could be completely flat with sights that are not higher at the back 
to raise the muzzle, cant would change nothing. Unfortunately, that is not the 
case. A cant to the right will swing the impact point to the right and down 
following a curve or arc, the reverse to the left. The horizontal movement is 
much greater than the vertical, If always done exactly the same for each shot, 
the sights will be adjusted to compensate and no error is noticed. If canting is 
done irregularly, the result will be irregular groups, scores, or hits. 

Canting can be reduced or eliminated by the use of a small level 
that is mounted on the firearm for that purpose, or with some target shooting, 
the target’s edge can be used if the target is level. While canting is more 
difficult to prevent during hunting, it can and should be prevented during 
sighting-in. The error is a function of bullet drop and cant angle and it will 
influence the horizontal striking point. The vertical error is so small it can be 
omitted. 
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The side effect is easy to figure with a scientific calculator, Press in 
the cant angle and press SIN. The answer is the multiplier. 


Examples: cant angle sine of cant angle 
1 degree 017 
2 degrees „015 
3 degrees 052 
4 deprees -070 
6 degrees „105 
8 degrees 139 
12 degrees 208 


The multiplier times the drop will tell how much a particular cam 
will move the impact point to the side. The drop is much less and can be 
overlooked. Example: a 25" drop at a 12° cant. 25 * 208 = 5.2" movement 
nght or left. 

Technically, we are overlooking two elements that have a slight 
influence on the striking point, the range, and the elevation. But to be 
practical, these can be omitted because they have such a trifling influence on 
the result. Long distances and cartridges with highly arced trajectories will 
have more lateral displacement. 


sight pM 


Lu cant point 
ты 
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POINT BLANK RANGE 

There are three definitions of the expression, point blank range. 

(1) Many shooters believe point blank range is any unspecified 
distance that is very close to the muzzle. This is common in pulp fiction and 
television detective shows when writers with no knowledge of firearms write 
them. In colloquial use (slang), it is used to indicate a very close range with 
no precise limits. It is interesting, but not correct. 

(2) The expression is also used to indicate the first down-range 
distance in the trajectory that requires no elevation change either up or down 
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to hit point of aim. This first point will be just afew yards range even when 
the 2nd. primary point is 100 yards or 300 yards. In other words, the point 
where the projectile crosses the line that extends through the sights because 
of the angular difference with the bore line. Knowledge of this distance for 
the cartridge in use can be handy at times. (See sketches) From a technical 
standpoint, this use of the term is correct and а few dictionaries. give this 
definition. But, it is seldom used in this context. 

(3) Here is the most common use of the 2 correct meanings of the 
term. The maximum distance that will result in an accurate hit in the vital 
area with the sights set on the target correctly and without considering the 
bullet's drop. For hunting rifles, if we consider the target to be an abstract 
circle over the game's vital area, then point blank range would be the range 
where the bullet would hit in that circle. If the diameter were 8", then the 
sights would be adjusted for the range that would not lct the bullet pass more 
than 4" above or below the center of the circle. This requires sighting-in at 
the range that the maximum ordinate is 4" above the line of sight. The 
midrange trajectory is important in this situation. It takes a study of the 
ballistic tables to determine this distance. 

Many computer ballistic programs will compute the point blank 
range if we have the information to feed into it, We need the diameter of the 
vital area, which will be different for different game. For varmint hunting it 
may be just 2" and for bigger game perhaps 6", 8", or even 10". In addition 
to determining the target area diameter, we also have to know the ballistic 
coefficient and muzzle velocity. 

A meticulous study of manufacture's ballistic tables will enable 
most shooters to closely estimate the distance. Remember that the velocity of 
the ammo from the gun being used may not be as high as the factory figures. 
Also, the data is based on sea level and the hunt may be in the mountains. 
These and other things will make a small difference. As a general rule, it will 
iake at least a 200 f.p.s. difference to make a significant change in trajectory. 
A study of how much this will affect things and in what direction will permit 
the shooter to make slight corrections. Computer ballistic programs are great 
at working out problems of this type. 

Will changing the sight-in range to point-blank range help a hunter 
bag his game? Probably. It will do a little to compensate for errors in range 
estimation, sight adjustment and aiming. And we all know that anything that 
is even the slightest help is worth doing. 

.45-70 GOVT. TRAJECTORY: 

The 45-70 cartridge was mentioned in the discussion of charts and 
tables and it owns some interesting facts. 

The 45-70 Springfield was introduced in 1873. The U.S. Cavalry 
and Infantry both used the gun as either a rifle or carbine. It was designed for 
a breech pressure of 25,000 pounds (psi) with black powder cartridges. 


253 


As with all military arms of both yesterday and today, a lot of 
experimenting and testing was performed. Standard testing was conducted at 
ranges up to 1,000 yards, A 500-grain bullet (adapted in 1884) took a little 
over 32 seconds to reach the 1,000-yard point with a muzzle velocity of 
1,315 fp.s. The bullet still had 711 fp.s. at 1,000 yards, (The 405-grain 
bullet staried 50 f.p.s. faster but could not hold it as well. At 1,000 yards it 
had only 536 fps.) To hit the bulls-eve at that long range, the 500-grain 
bullet had a mid-range trajectory of 43.5 feet. In other words, the bullet was 
43.5 feet above the line of sight at an approximate distance of 550 yards. The 
bullet would go through a foot of pine at a range of 400 yards. 

Testing by Springfield Armory showed the 500-grain bullet would 
give an average distance from the bulls-eye center to each hit of 1.3" at 100 
yards and 4.2" at 300 yards. At the 1,000-vard range it was 21.6" and this 
was fired fi lard issue service rifles. Na bench-rest 
was used. Not bad for the 1880's ог, everything considered, even today. 
NOTES: 

* The point of a bullet turns in flight so that it remains point first. In 
other words, if it is fired at an angle of 20" above the horizon, it will not hit 
at that angle down range. A properly stabilized bullet will still strike point 
first. There is a complete discussion of this in the section on gyroscopic 
stability. 

* The projectile does not rise or climb. It cannot. It may appear so in 
the drawings but it is only in relation to the sighis, not the bore. The 
projectile never goes above the bore line. The drop begins at the muzzle. 
(Disregarding, mutations, gyroscopic unstability, and yaw.) 

* Hunters that shoot game at short, moderate, and long range will find 
it a big help to carry trajectory figures with them. If, for example, a gun is 
sighted to zero at 300 yards, it is invaluable to know how high to hold over 
the vital area at 350 or 400 yards. If written on tape with ink that won't run in 
wet weather, it can be taped to the stock and referred to as required. IF just 
ordinary paper and ink are used, il can be covered with a 12" wide piece of 
clear box sealing tape. Be sure to use figures for your ammunition, not just 
something similar. 

Ф In trajectory studies, don't forget the valuable information in other 
sections of this book. Wind deflection, drift, ballistic coefficients, gyroscopic 
stability, penetration, and expansion. All of these, and more, have to be 
considered while making appropriate choices. 


254 


CHAPTER 18 
MINUTE OF ANGLE, MILS and 


EVALUATION OF TARGET GROUPS 


MINUTE OF ANGLE 

Military rifle sights are made with minute of angle adjustments 
called clicks. Minute of angle, frequently abbreviated MOA, is used in target 
shooting and other aspects of the shooting sport. It can be misunderstood, so 
following is a detailed explanation. 

We know a circle is divided into 360", Each degrec is divided into 
60 minutes and each minute into 60 seconds. No, we are not mixing circles 
and clocks. That is the correct terminology. Minute of angle, as used in 
firearms and sights, is one minute or 1/60th. of a degree. There are 21,600 in 
a complete circle (360 * 60 = 21,600), so 1 MOA is also 1/21,600 of a circle. 

Most of the time, MOA is just rounded off to 1" at 100 yards, 2" at 
200 yards, 3" at 300 yards, etc. This has an error of 4.6%. For readers who 
want to be very exact, the number is 1.0472 inches. That figure is based on 
dividing the number of inches in the circumference of a circle with a radius 
af 100 yards by the number of minutes in a circle. As in: 


100 yards * 36" = 3,600" radius * 2 = 7,200" diameter 
7,200 x = 22,619.462" 
60 * 360 = 21,600 minutes 
22,619,452 / 21,600 = 1.04719" or 1,0472" 


Or for a different view, the circumference of a circle equals 2 x * 
the radius, Therefore, for any range (А), a minute equals 6.2832 * R + 
21,600, which is „000291 when divided out, 


* Some people like the casy route and use x / 3 — 1.0472. 


Sight coverage. The advantage of MOA extends beyond the 
obvious use in adjusting sights for range. Want to know how much the front 
sight covers the target? Determine the distance from your eye to the front 
sight. Determine the width of the sight. If the first distance is, for example, 
30", then 30" times .0003 equals .009 per MOA, Divide the width of the 
sight by the .009 (in this example) and the answer is the width in inches 
covered by the sight at 100 yards, Double the figure for 200 yards, etc. 
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Drop figures can be changed to MOA by dividing the drop by the 
range im 100 yards, for example, a drop of 8.2" at 200 yards. The 8.2 is 
divided by 2 = 4.1 МОА. This does not consider the height of the sight 
above the bore centerline, For example, a telescope sight mounted 12" above 
the bore centerline, divide by 2 for 200 yards = .75 MOA for the sight by 
itself. 

Elevation angle computation. Combining areas of knowledge will 
lead us to learning. Take the fact that total drop is 4 times the mid-range 
height. Combine with the knowledge that one-minute of angle is equal to 
about 1" for cach 100 yards. From this it 15 easy to compute the approximate 
angle of elevation. (If necessary, review trajectory basics in Chapter 17.) 

For example, suppose a cartridge with a 0.7 feet mid-range height. 
Multiply times 4 for total drop. In this case, 2.8 feet. MOA is in inches, so 
we multiply times 12 for 33.6 inches. At 300 yards, one minute of angle is 
about 3". (For more accuracy, 3 * 1.0472 = 3,1416) 33.6 divided by 3 is 11.2 
minutes. (For morc accuracy, 33.6 divided by 3.1416 — 10.695 min.) This 
example gives 11.2 (or 10.695) minutes of elevation. As with many things in 
ballistics, the longer the range the more error, This procedure is close enough 
for general use at the shorter ranges but gets more inaccurate as the range 
increases. To be accurate at long range, say beyond 300 yards, knowledge of 
the bullet's ballistic coefficient is necessary. 

1,000 YARD RANGE 

Many shooters consider 120 yards a decent range for consistent 
groups as small as 6" or 8". Some 1,000 yard rifle shooters obtain better than 
6" groups, and 1,000 yards is 120 yards plus a half a mile. That is what is 
called "a pretty fur piece" in the southern Appalachian Mountains, and they 
are not speaking of mink jackets. 

MOA FOR DIFFERENT RIFLES 

The average hunting rifle should be able to group within 3 MOA. In 
other words, roughly 3 inches at 100 yards and 6 inches at 200 yards and 9 
inches at 300 yards, etc. A good grade center fire target rifle should group 
within 13 MOA. Or even 1 MOA if the shooter expects to win in 
competition. A good varmint rifle should group better than the standard 
hunting rifle and as good, or better than the average target rifle, For 
consistent hits, 13 MOA should be expected. Some bench-rest rifles can 
shoot ? MOA groups at 300 yards and longer. 

MILS 

The error of 4.6% in using |" at 100 yards for MOA can be avoided 
by converting to true lincar mils. A mil is one thousandth of the range and in 
the metric system one mil equals 100 mm at 100 meters, 200 mm at 200 
meters and so on. For conversion from the U. S, of A system in inches, 
divide the measurement by 3.6 for 100 yards and 7.2 for 200 yards and 11.81 
for a 300-meter range. This is based on 100 yards equals 3,600 inches and 
3.600 inches divided by 1,000 — 3.6 inches. 
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Artillery and cannon fire uses the MILS system instead of the 
familiar minute of angle (MOA). The mil is used for high angles of fire and 
in other military applications. It is based in the metric system, which 
explains the lack of interest in the U.S, for all except artillery applications. 

The mil is the angle, which intercepts a length 1/1,000 of the 
range, i.e. one-ft. at a range of 1,000 feet, one vard at 1,000 yards, etc. 
The name mil is a contraction of the prefix for thousandih. Its intercept in 
millimeters is roughly equal to the range in meters. It is not necessary when 
using inches as the measurement, 

Briefly, it is based on the idea of a circle having 6,283.18 equal 
arcs. This is rounded off for convenience to 6,400.0 and a right angle is said 
to have 1,600 mils. This number was chosen because, without changing its 
value by much, it is easily divisible by various other mumbers. There are 
charts that list angles by degrees and minutes and give the corresponding 
mils. Example: 30° is 533.33 mils. 5 minutes is 1.48 mils. 0,4 minutes (4 
tenths of a minute) is 1.19 mils, 

In technical wording, the mil is the angle whose tangent is 1/1,000 
or the angle subtended by 1 unit at a range of 1,000 units, (Feet, meters, 
yards or whatever.) 

Or, linear mils (straight down range) is based on one linear mil 
being equal to one thousandth of the range. At 100 yards, this would be 0.1 
yard or 3.6 inches, 1 foot at 1,000 feet and | yard at 1,000 yards, 

1 mil = 0,000982 radian 

90 degree right angle = 1600 mils (milliradians = 1570.8) 

* The fundamental formulas, which relate mils and radian, are 
1600 mils =a / 2 
or 
1 mil = x/ 3200 = 3.1416 / 3200 
50 that 

1 mil = 0.000982 radian 
and 

1 mil = 0,982 milliradian 

With regard to the milliradian, this gives an error of less than 2% 
which is not considered significant. 

It is generally assumed that a mil is a milliradian so | radian = 
1.000 mils and the number of mils in an angle is 1,000 times the number of 
radians. This gives us 3 basic formulas that can be useful. 

mils = 1,000 arc / radius 
arc = mils * radius / 1,000 
radius = 1,000 arc / mils 

For example, if an object is know to be 5,000 feet away and 
subtends an angle of 5 mils, how wide is it? 

arc = mils * radius / 1,000 = 5 * 5,000 / 1,000 = 25 feet wide 


257 


In military manuals, rifle elevations are frequently given in mils. It 
is therefore important to know that an artillery mil is 3° 22.5" of arc. That is 
also 3.375 minutes. To convert mils to minutes, simply multiply the mils by 
3.375, 


While the mathematics is basic, these two charts will be useful for 
readers who do not like to work problems. 


mm at inches at 

MIL 100 meters 100 yards 
A 10 ‚36 

iz 20 ete 

iJ 30 1.08 

4 AQ 1.44 

A 50 1.80 

б e 2.16 

E Т0 2.52 

8 80 2.88 

he el 3.24 
1.00 100 3.60 

mm at inches at 

MOA 100 meters 100 yards 
l 3.438 1047 

a 6.875 2094 

3 10.313 .3142 

E 13.75] .A186 

4 17.189 .5236 

6 20.626 (6283 

m 214.064 3330 

8 27.470 8378 

4 30.939 „9425 
1.00 34.371 1.0472 


EVALUATION ОЕ TARGET GROUPS 

Is it possible to test firearm velocity and target groups without 
reference to statistical methods and have a clear and precise picture of the 
situation? Is it also possible to fire a good group опа 1,000-yard range with 
no knowledge of wind deflection and trajectory? In both cases the answer is 
no. It would be blind luck to obtain anything except failure. 

Figures can be interpreted in several different ways and different 
conclusions drawn from them. All versions may be computationally correct, 
yet not all, strictly speaking, may be mathematically correct. There are 
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proper ways to analyze figures and obtain defensible and reliable results. In 
other words, there are ways to be sure about the accuracy of your hand-loads 
and rifle that go beyond just finng a dozen rounds and then saying to your 
friends, "I think it did better than the last time, don't you?" 

MINI GLOSSARY 

There is a glossary at the end of this book, but it is important that 
these words be understood in their proper meaning as they relate to ballistics. 
And let's be honest with each other. Most of us are not going to look these 
up, so they are repeated here. 

If the words accuracy and precision are looked up in a standard 
dictionary, they appear to have similar meanings and be interchangeable. In 
the field of target shooting, their meanings are different and cach can exist 
without the other. 

* Accuracy is how close a strike is to where it was intended to hit and 
measurements are to that one point only. 

+ Precision is how well the shots grouped and the measure is lo cach 
other no matter how close or far from a target center. 

+ Extreme spread is a common term in group evaluation. It is 
frequently called group diameter, but that is incorrect. Properly, it is the 
longest distance between the most widely separated shots. И may be the 
group diameter or it may not. Sometimes it is called maximum spread or 
group size. ЇЇ, out of 20 shots, 19 are about the same and one is far off, it will 
be counted and destroy the consistency of all the others. 

It also is frequently used with the distance between the lowest 
velocity and the highest velocity. A large spread of about 150 or 160 fps. 
will make any average velocity figure almost meaningless, Even at a 100 
f.p.s. spread, the confidence level can be low. (These figures may be 
acceptable industry standards for some factory ammunition, but hand-loaders 
can and should do much better.) 

Extreme spread is very easy to compute as only 2 points are 

considered. The widest-spaced target hits or highest and lowest velocity. 
+ Extreme vertical or horizontal dispersion is the longest vertical or 
horizontal distance between shots. Note: in this book a lot is written about 
deviation. This is dispersion, which the dictionary describes as breaking up 
or scattering in all directions. That is strong language for even the worst 
target shooter. The people that originated this word usage could have saved 
us a lot af trouble by using the word distance, which it is, 


+ Mean vertical or horizontal deviation is the average distance from 
the center of impact of the group. 
МА = X din 
Where: МА = arithmetic mean measure of central tendency 
d = distance 
n = number 


© = indicates the process of successive addition (cumulation). 
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LÀ Maximum mean radius is a term used occasionally in military 
specifications for ammunition. This is a method of giving the grouping 
ability of the ammo. After a group has been fired, the center is determined 
and the distance is measured to each hit. This distance is totaled and then 
divided by the number of shots in the group. The answer is the mean radius 
of the group. Also technically described as the average of the radial distances 
from the center of impact. 

* Diagonal is the line, and more important the length of the diagonal 
line, in a square drawn around the rectangle created by drawing vertical and 
horizontal lines around the outside of the hits on a target. That sounds 
confusing at first, but if the knowledge is important, read it again slowly. It 
is a good explanation that at first glance appears more complicated than it is. 
The first lines drawn will almost always create a rectangle, Then the 2 short 
sides are extended and another line drawn to create a square, This increases 
the length af the diagonal line. 


STANDARD DEVIATION 


DEFINITION 

This term is frequently written as SO (or s) but this is easily 
confused with sectional density so it will be spelled out in full. Standard 
deviation is а term used mainly with velocity to show a variation from the 
average. The term can also be used in many other types of problems. Hand- 
loaders will frequently try to achieve as low a velocity standard deviation as 
possible believing it will give the lowest group size. Their belief is usually 
correct, but as in most things, there are exceptions. It is primarily a term in 
mathematics that is used to organize and understand dispersion and central 
tendency. An average may mean nothing at all. We have quartile deviation, 
mean deviation, and standard deviation to chose from 

Standard deviation has three advantages. (1) Every iiem affects its 
value. (2) It is subject to further algebraic computation. (3) Deviations from 
the arithmetic mean yield a minimum sum. The only disadvantage is that it 
gives greater emphasis to extreme values because the deviations are squared. 
Some users don't consider this a shortcoming. 

Standard deviation takes into account every shot fired bul gives 
emphasis to the extreme variations. It is based on the squares of the 
deviations, and all squares are positive, so the extreme values have 
ппропапсе, 

SAMPLING SIZE REQUIRED 

To properly apply a standard deviation figure, certain criteria must 
be mel, For example, the items must possess the same characteristics. Also, a 
sufficient number of tests must be conducted to assure that the figures are a 
{гис representation. In other words, a large sampling is needed. If the test 
involves target groups, the larger groups are best (in number of shots fired) 
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but they can increase the group size, The shooter may become tired and use 
less care and bore fouling can increase. Thin barrels, especially, can be 
changed by heat from repeated use. There is also an increased chance of a 
flyer. In other words, the more shots fired, the larger the group, yet the 
statistical accuracy is still better. 

When we speak of a large sampling, the number 30 is considered 
ideal. Less can cause an erroneous answer and after a threshold is crossed on 
the high side, it becomes repetitious. Of course, the size of the batch has to 
be considered. Five might be a good sample from a batch of 50 rounds. The 
ammunition manufacturers generally test about 1% and they accept a 
variation of as much as 125 fps. to 140 fps This is understandable. A 
highly precise product is expensive to make and they are in business to sell 
ammo, not shoot it up. Some makers exceed this by a large amount, but they 
are an exception to normal. 

Shots fired at a target that is perpendicular to the gun (technically, 
perpendicular to the trajectory) will normally group in a circle. From a 
statistical раш of view, it can be said that the number of shots in a group 
governs the coefficient of variation of the maximum diameter of the circle. 
In simpler words, the more shots fired, the more likely it is that the result 
will be accurate. 

The proper number of shots to fire can be found by asking yourself 
three questions. (1) What is the amount of acceptable error? (2) How big is 
the variation usually found in this type of test? (3) What is the confidence 
level I want to have with the result? Of course, there is no correct answer to 
these questions, but an honest response may help you to reach a decision. 

If limited data is desired, the mumber of shots may be small, perhaps 
only 5 or 6. lf extreme accuracy is needed in the facts gathered, then perhaps 
100 shots will be required, or even more. Actually, even the skill of the 
shooter enters into the situation, because if either the gun or the ammunition 
is being tested, poor shooting ability will insert errors. 

Standard deviation can be measured in different ways. One is the 
actual deviation for the rounds fired. The other common method is the 
deviation that is postulated for an entire lot based on a small sample. While 
the first method can be considered precise, the second is, at best, à 
comparative measure that is conditional on unknown factors. Don't bet any 
money on an answer based on a small sampling. 
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MATHEMATICS for STANDARD DEVIATION 

The symbol used to express standard deviation is the lower-case 
Greek letter, sigma. ( o ). There are a dozen different methods in engineering 
statistics to solve for standard deviation. This is perhaps the best and much 
easier to use than it appears. 


Where: © = Indicates adding or "the sum of" when measuring 
the central tendency or average. 

n = number of items such as shots or hits 

F = value of items such as velocity 

To work the formula, determine the average velocity of all shots 
and find the difference between each shot and the average. Each difference is 
squared and the total added together. This total is then divided by the number 
of shots minus one. (Don't forget to use one less as the divisor.) The square 
root of the answer is the standard deviation. While it takes a little time, with 
a scientific calculator and a sheet of paper and a pencil to keep track of the 
figures, it is easy. Many modern chronographs will perform this 
operation in à fraction of a second as à routine function. 

An illustration would be a cartridge with an average velocity of 
2,250 f.p.s. and a standard deviation of 15 f.p.s. It is likely, then, that a shot 
will fall in the range between 2,235 f p.s. and 2,265 f p.s. 

TARGET GROUPS 

For standard deviation of a target group, the formula and math are 
the same as for velocities, but the measurements are more involved than 
most people are willing to do. First, the center of the group must be 
accurately found by measuring each bullet hole's top and bottom points from 
a standard reference line, and then the averages are computed. Each bullet 
hole must be measured from its center to the center of the group. 

Target groups arc only am indication of accuracy if interpreted 
correctly. If just one shot is fired and it hits the center of the target, that is 
regarded as great accuracy, If 5 shots are fired and the shot that is dead 
center is the last, the same will be believed. The other poor locations will be 
blamed on errors corrected by the final shot, Actually, the other shots have to 
be considered and that is the reason for the insistence on a sufficient number 
la assure a truc representation. 
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DISPERSION AT RANGE 

It is an error to believe that group size will stay in proportion as the 
range increases. In other words, if a rifle will shoot a 2" group at 200 yards it 
will not shoot a 4" group at 400 yards. When the distance is doubled the 
group size will almost always be more than double. 

With the decreasing velocity and both the side deflection and 
drop increasing by accelerated motion, the group cannot change at à 
proportional rate. Under ideal conditions and with both a great gun and a 
skilled shooter, it may be close. For most of us it will be a larger group size. 

From a practical point of view, it is considered illogical for a group 
to be tighter at a long range than at a shorter range. (See compensation in 
Chapter 5.) If so, it would be a freak occurrence and not likely to happen on 
a regular basis. Dispersion will always become greater in proportion to 
range. For the opposite to occur, the projectiles would have to turn inward 
from whatever direction they were following. If they were curving to the left, 
they would have to swing back to the right, and if they were on the right 
turning downward they would have to turn left and curve upwards. 
PLOTTING BY CHARTS 

Statistical quality control is very popular in industrial management, 
although not with the workers. Chans are drawn up to determine the 
efficiency of about everything. In target shooting, charts can be used very 
effectively to establish trends in dispersion, etc. 

Unless your memory is better than most, record your information, A 
record will help you to remember the bad targets and scores that we would 
like to forget but still must recall for an accurate version of the day's 
shooting. The information is then plotted on a graph and lines are drawn 
between the points. A glance will reveal if a trend is developing, whether 
toward the good or the bad. 

Use graph paper and on the left edge list or number one of the items 
you wish to consider, such as scores. Across the top use dispersion or 
whatever fits your situation. Place dots at the proper line intersections and 
connect them moving from one to the next. Some computer programs, such 
as Microsoft Works, will do this for you if it is set up properly. Developing 
trends and any other out of the ordinary situation will show up like, as the 
saying goes, a sore thumb. 

To have meaning, all information on a chart must be of a like kind, 
i.e. all the same range, same gun, etc. Also all shots must be recorded, If you 
leave out the bad ones, it destroys the objective that you are attempting to 
accomplish. 

NOTES 

+ In most groups, the mean vertical and horizontal deviation will be 
the shortest number of inches. The next shortest will be either the standard 
deviation or the mean radius. Next will be the extreme spread with the 
diagonal as the last and the longest. 
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* The dimensions that extend to the outside edges of the group are 
most responsive to the amount of shots in the groups. The dimensions of 
mean deviation and mean radius and standard deviation are not as affected 
by the amount of shots and are more efficient. 

* The two most widely spaced shots are not recognized until all the 
shots of the group have been fired. 

Groups fired in bench-rest competition are measured from the 

center of the holes This center to center method of measurement gives 
figures that may appear strange to people not familiar with the spon. For 
example, a 308 caliber hole that was exactly l-inch center to center from 
another 308 caliber hole would have a 1.308-inch distance from the outer 
edge to the farthest outer edge. It would also be possible, and is common 
with top shooters, to have a group size smaller than the diameter, In this 
example, if the center of a 308 diameter bullet hit .125 inch from the center 
of the other, the hole would be, at its widest, 433 inch. The group 
measurement would be smaller than the diameter at 125 inch. 
* Power factor is not really a ballistic term, in the true sense, but it is 
a figure used to determine what firearms are acceptable in competition. The 
National Rifle Association Action Shooting contest requires a minimum of 9 
mm and a power factor of 120,000 minimum. This is obtained by 
multiplying the velocity in f.p.s. by the bullet weight in grains. 

IPSC rules add one more step. They require that the bullet's weight 
is multiplied by the velocity and the answer is then divided by 1,000. To be 
classified as in the "major" category, the final number must be at least 175. 


MATH FORMULA PROBLEMS??? 
This is an excellent place ta repeat an linportant note that is also on 
page 12, 


The formulas have been a concern since the first edition. One 
gentleman complained that he could not get them to work. He later wrote 
and admitted it was his fault and they were okay. 1 appreciate his honesty. 
Another person complained that the formulas were no good because the two 
sides had to be equal, which they do, but his complaint involved a formula 
that had just an X on one side. He obviously had no idea what he was doing. 
The National Rifle Association, US Army, National Aeronautics and Space 
Administration, and scientists such as Newton, established the formulas. 
Most of them were checked for errors by a Ph D. employed at the Stanford 
University Linear Accelerator Center and found to be correct, Does this 
mean there are no errors? Of course not, but we have tried very hard to get 
them accurate, and after many years, we know of none that are not. 
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CHAPTER 19 


MAXIMUM RANGE 


This discussion of maximum range is not for the purpose of 
shooting game at long distances because we are discussing ranges too long 
for practical hunting. Safety and essential knowledge are our primary goals. 
The hunter shooting at a deer on a hill, for example, could miss and hit a 
child in a farmyard 2i miles away. (The 7.62 NATO cartridge at 30" 
elevation has a maximum range of 4,400 yards or 23 miles.) Every hunter, 
police officer, or anyone else that owns a gun, has a duty and a responsibility 
to not hit innocent people. This is so obvious it should not be necessary to 
mention it, but every year a few people are killed from these senseless 
accidents. That adds fuel to the fires that are stirred up by the anti-gun 
crowd. Life is precious and human flesh is more valuable than the rarest 
diamond, so let us always be safe. If a criminal needs to be shot in self- 
defense, so be it. But don't hit an innocent child a mile away. 

ELEVATION & RANGE 

With no air, maximum range would be at a 45" elevation angle and 
the only point to consider would be velocity. In this case, divide the velocity 
by ten and square the result for an answer in yards. Thus, under vacuum 
conditions, a projectile at a 2,060 fps. muzzle velocity would go about 
14,145 yards. This is a theoretical vacuum range, and remember that the 
bullet is pulled down by gravity. 

This is only for academic knowledge, because unless we become 
astronauts, none of us will ever be firing a gun in a vacuum, but the basic 
idea helps us to understand the real world. 

Because of air resistance, maximum range will be with the gun 
barrel elevated to an angle well below 45". The maximum will normally be 
between 27° and 35". It will usually be closer to 31". As the barrel is raised 
higher than the optimum angle, say 31" for example, the range will begin to 
shorten. Maximum efficiency is obtained at the lower angles. In many cases, 
as much as 65% of the maximum range can be obtained at an elevation as 
low as 5". The higher the barrel is raised beyond a rather low point af about 
7° to 8^. the range will increase but at a very low rate. Generally, 8" elevation 
will deliver about 85% of maximum range. This clearly shows the danger of 
shooting without a backstop. (A bullet with a 24 mile range would travel 1.9 
miles at 85% of maximum range; this is 3,344 yards or 10,098 feet.) This is 
based on generalities and all bullets and loads will be different. 

There is no satisfactory formula for working out maximum range in 
an atmosphere environment. Manufacturer's charts and military data are the 
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best source for this information, Properly conducted field-testing is within 
their capability, but it is wot practical for the sportsman. 

Many other subjects discussed in this book are also pertinent, Air 
density affects range as does a bullets weight, ballistic coefficient, velocity, 
etc. 

A method was given in the second paragraph of this chapter to 
determine an approximate distance in a theoretical vacuum and most large 
caliber bullets at low muzzle velocity will travel from 14% to 20% of that 
distance. The lower the velocity and the higher the ballistic coefficient, the 
better the bullet will do compared to its no-air range. Lightweight hunting 
bullets at high velocity will attain only about 4% to 10%. Pistol bullets of 
lower velocity, 10% to 20%. 

From the chart and the discussion presented, most other bullets of 
similar ballistic coefficient, velocity and weight can be interpolated or 
closely estimated. 

Thin, less dense air from high altitude or high temperature will also 
increase range. Air resistance can never be forgotten. After all, air resistance 
is the factor that lowers the elevation for maximum range from 45° down to 
an average of 31°, At an elevation of 12,000 feet, the air has thinned enough 
that the maximum range for most bullets is extended 38% as compared to 
sea level. 

HELPFUL CHARTS 

The British Textbook of Small Arms has complete figures for a 
boat-tail Swiss bullet of about .30 caliber, 174 grains with a ballistic 
coefficient of 406 and a muzzle velocity of 2,600 fps. The maximum range 
obtained is 4,457 yards at a departure angle of 34" 42', The book and the 
figures are from 1929, but it is worth repeating because time does not change 
things of this nature. The basic points and the laws of physics are still Bood 
today. Modern cartridges and bullets will follow the same general pattern, 


Elevation Range Flight Final Angle of 
in deg. in yards time velocity fall 
in sec. in f.p.s. in deg 
5 2,464 7.56 588 11.25 

10 3,273 12.65 447 24.10 
20 4,097 20.95 390 47.68 
30 4,421 27.91 405 62.40 
34 4,455 30.20 416 66.15 
35 4,456 31.06 417 67.40 
40 4,413 34.01 429 71.35 
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Here is a brief list of some cartridges that have had their maximum 
range determined by military ordnance and ammunition manufactures. 
Notice the percent of maximum vacuum range and that some of the distances 
are very long. 

The .30-'06 M-2 cartridge is shown to have a maximum range of 
3,500 yards. It begins at a muzzle velocity of 2,880 f.p.s. and velocity drops 
fast. It will lose over half its velocity in the first 500 yards and upon reaching 
1,000 yards; it will have left about 1,040 f.p.s. At 2,000 yards the velocity 
will be down to about 620 f p.s. and at 3,000 yards, it will be about 310 f.p.s. 

The .45 ACP at 820 f.p.s. and 1,640 yards was based on a standard 

" barrel at a 30° elevation. Fired from a longer barrel in a machine gun, the 
ues velocity increased to 920 f p.s. and the maximum range increased to 
1,760 yards at the same 30" elevation. 


Most cartridges have not been tested for maximum range, but à 
little careful thought about those that have will yield a rough estimate for the 
others. Military cartridges, such as the .30-'06 and modem NATO and О. 5. 
Military calibers have been well researched. Comparisons with other 
cartridges can be made for approximate maximum range. The ballistic 
cocfficient, velocity, bullet weight and more must be considered. 
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.22 R.F. LONG RIFLE ELEVATIONS (standard velocity) 


This table gives the angles of elevation and the range out to the 
extreme. Note the maximum range is at 25°. Any increase in elevation 
beyond 25° has little change in range to about 33" Above that, the range 
decreases. 


Angle of elevation 


Range in yards. deg. min. 
100 0 16 
200 0 34 
300 0 56 
400 | 29 
500 2 10 
600 2 56 
700 3 3l 
800 4 56 
900 6 13 
1000 7 44 
1100 9 32 
1200 п 41 
1300 14 16 
1400 19 00 
1450 25 üü 


Research by the U.S, Ordnance Dept. found .22 КЕ. long rifle 
cartridges to have an extreme range from 1,050 yards at 8.8" to 1,252 yards 
at 17.8". The same elevation, 17.8", obtained the maximum range of 1,324 
yards. They concluded a maximum range between 1,250 to 1,350 yards for 
the .22 long rifle cartridge. A tail wind would increase that somewhat. 

Researchers have a problem in gathering data on maximum range 
because it is difficult ta be certain where a bullet has landed. Smooth water 
or wet sand is good, but still there are problems. This is similar to the testing 
on vertical shooting as discussed in Chapter 27, 
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U.S. ARMY ELEVATION TABLE 


7.62 mm service ammunition. Note that mils is used by the military 
because a mil is about one-thousandth the range. One mil equals 3.375 
minutes of angle. (The mil is explained in detail in Chapter 18.) 

M-59 Ball is an Army cartridge 7.0 non-streamlined bullet, lead 
core, Vo 853 m/sec in M14 rifle. 

M-80 Ball is an Anmy cartridge 9.65 streamlined bullet, lead core, 
Vo 854 m/sec in M14 rifle. 

The use of the word ball, does not mean the projectile or bullet is in 
a spherical shape. It is just a military term for a general-purpose bullet 
designed for combat and training requirements, 


Range Range M59 Ball M80 Ball 
in in 
meters yards mils, min. mils. min. 
100 109 0.7 2.4 ФЕ: 27 
200 219 1.6 5.4 l6 54 
300 328 2.6 9.1 2.6 9.1 
400 438 3.7 12.5 3T ERS 
500 547 5.0 16.9 5.0 16.9 
600 656 65 219 566 223 
700 766 8.3 28.0 &5 287 
800 875 105 35.5 10858 36.5 
900 985 131 442 13.5 456 
1000 1094 16.3 547 167 564 
1100 1203 199 672 205 697 
1200 1313 24] 815 248 83.8 
1300 1422 288 973 295 506 
1400 1532 340 1148 347 1172 
1500 1641 39.7 1340 403 1360 


BALLISTIC TABLE, 7.62 х 51 Ball М80 


Range Velocity Energy Drop Elevation Vertex 
meters m/sec J mim mils mm 
0 854 3,519 0 0,00 0 
100 778 2,920 79 0.75 20 
200 709 2,425 317 1.60 85 
300 642 1,988 659 2,63 211 
400 578 1,612 1,455 3.77 418 
500 518 1.295 2456 5.09 730 


SHOTGUN RANGE 

The maximum range for shotgun pellets is limited because a sphere 
has a poor ballistic coefficient compared to a pointed projectile. Ordnance 
Technical Manual 9-1990 gives maximum ranges for various shot fired іп 
full-choke guns. No. 1 buckshot at 600 yards; no. 8 shot at 230 yards; no. 9 
shot at 210 yards, etc. 

Journée's formula for determining the approximate maximum range 
for a shotgun is used frequently, The formula simply states that the 
maximum range in yards is about 2,200 times the shot pellet diameter. While 
the figures do nol agree perfectly with the others, they are close enough for 
mosi uses, 

These figures are calculated with Journée's formula. 


Load Diameter Max range in yards 
12 ga. rd. ball 645 1420 
16 ga. rd. ball 610 1340 
20 ga. rd. ball 45 1200 
410 ga. rd. ball .38 850 
00 buckshot 34 748 
о j 32 704 
1 x 30 G60) 
#1 shot 16 352 
2 = | 330 
3 x 14 308 
4 o 13 286 
S wn 12 264 
6 ' п 242 
T ot 095 209 
8 n 09 198. 
9 S 08 176 


A shotgun pellets maximum range varies with velocity and mass. A 
tail wind of only 10-mph can increase the range by about 15%. Thin, less 
dense air created by higher altitude or high temperature will also increase 
range. The reason, of course, is less air resistance (drag). 

Slugs from shotguns have poor performance at not much distance 
from the muzzle, For maximum range, it is important to remember that while 
they start oul with a good muzzle velocity, they cannot hold it and пш out of 
velocity, energy, and range very quickly, They have poor ballistic 
ош and poor sectional density as compared to handgun and rifle 

ullets. 

(Slugs are discussed in detail in Chapter 21.) 
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Some early weapons possessed the ability to reach out long distances. 


WEAPON HISTORIC EFFECTIVE MAXIMUM 
PERIOD-A.D. RANGE in Yds. RANGE in Y ds. 
Longbow 1000 to 1500 250 400 
Maichlock 1400 to 1500 3ü 350 
Culbrina Cannon 1500 to 1600 3,500 6,666 
Flintlock Rifle 1700 to 1300 100 1,000 
US 304 Cannon 186610 7 na 6,700 
Springfield 45-70 1873 to 1893 500 2,800 


Of course, these are all just approximate figures, but it is interesting 
to notice that the effective range is never close to the maximum range that 
the weapon is capable of reaching. 
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CHAPTER 20 
WIND DEFLECTION 


TERMS 

Before we get started with this interesting section, we need to clear 
up à problem in terminology. The sideways movement of a projectile in 
flight by a crosswind is correctly called deflection, not drift. Drift is the term 
for the side-movement caused by spin and gyroscopic precession. Deflection 
is the proper term for the side movement caused by the wind. You say you 
have been calling it drift for 40 years and can't stop? Fine, that's okay, Just so 
you know that it is supposed to be called deflection. 

To make it even more confusing, if we check the dictionary we find 
that drift is the best word for movement by air, In aircraft navigation, drift is 
used to describe the movement from the intended track by wind while 
deviation is used as the difference between the indications of a compass on à 
particular aircraft and the indications of an unaffected compass at the same 
point on the earth's surface. In other words, the magnetic effect caused by the 
aircraft itself, 

With the passing of time, this word usage has become standard and 
proper. If it is confusing and seems silly, so are many other terms in the 
English and American language. As stated at the beginning of Chapter 9 on 
Spin and Gyroscopic Drift, as long as the listener or reader understands what 
is meant, cither term should be satisfactory. For this book, we will use the 
words as explained. 

Windage is used to describe wind deflection and it can also mean 
the sideways movement of a sight. Kentucky windage has become the term 
to use for holdover to compensate for wind by guess or estimate, Early 
Kentucky rifles (most were made in Pennsylvania) did not have adjustable 
sights so holding-off was required, The front and rear sight were keep in 
proper alignment, but moved into the wind and to one side of the target. Also 
during those early days of exploration beyond the Appalachian Mountains, 
many of the skilled shooters varied the position of the front sight in 
relationship to the rear sight, keeping the front sight on the target. As you 
can imagine, that took great skill and experience to do properly. 

In the early days of firearms and cannons, windage had a very 
different meaning, With all smoothbore arms, particularly cannons, windage 
was the difference between the diameter of the ball and the diameter of the 
bore, in other words, the clearance or looseness. In cannons, it was usually 
about 1/40 the diameter. It helped in loading and made the balls useful in 
different weapons. 
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A boat or an airplane can maintain proper track with a crab angle. 


TARGET 


(Bullet's actual path) 


LINE OF SIGHT 


TOP VIEW - LOOKING DOWN 
Exaggerated for clarity 
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Windage has also been used as the term to describe the surge of air 
(aerodynamic compression wave) caused by a moving projectile. 

In this section, we will use windage in today's common usage ав il 
relates to the allowance for wind deflection. The wind simply blows the 
bullet off course and a correction angle into the wind is required. 
ESTIMATING WIND VELOCITY 

Wind deflection is always a problem because it depends on wind 
velocity and that usually has to be estimated, The range is known in target 
shooting and for mast hunters it is easy to judge. Estimating wind speed and 
figuring the correction angle is called wind doping. While this is difficult, it 
can be made a lot easier by understanding the ballistics involved. 

The shooter must estimate the wind speed by how it affects both 
himself and his surroundings. Of course, an instrument known as an 
anemometer measures the wind velocity, but they are seldom available and 
usually not practical. They measure the wind at only one location and the 
wind can vary from place to place. 

Flags set along the range can help in target shooting, but they can 
also be a source of aggravation. Hunters can sometimes get a feel for the 
wind across a space by the movement of tall grass or leaves and small 
branches. Experience and intuition can help. 

A wind speed of 1 or 2-mph is calm and can be disregarded. From 
3-mph up to about 6 is a light breeze, noticeable but not a problem to hold a 
match or a paper. From 7-mph up to 12 it is getting rather strong and on а 
cold day it will begin to feel very uncomfortable. If. you are a smoker, 
lighting up will require a shield. At 15-mph it will get impossible to keep 
your cowboy hat on your head. At 20-mph it is at the point where if the wind 
is from anywhere more than about 15" from the bullet's path, an accurate 
a т the longer ranges will be extremely difficult and require а high level 
Ol БЕШ. 

At a wind speed of 25-mph or more, if you are target shooting for 
fun only, fine. For any other reason, good luck. Hunting in a high wind’? 
Practice your Indian (Native American) stalking techniques because in a 25- 
mph wind you had better be darn close, 

The shooters who claim they can get consistent and accurate results 
in à high wind deserve a big compliment and are to be commended. They are 
indeed rare. (Or full of baloney.) É 
CROSSWIND ANGLE 

In long range shooting, cross wind deflection will cause more 
problems than elevation errors, even if the crosswind is mild. 

. , The angle of the wind from the bullet's intended flight path was 
given in ап earlier paragraph as 15°. Usually a comparison with a clock is 
applied, as in the old movies where a fighter pilot yells into his microphone, 
“Bandits at 2 o'clock," or whatever. The shooter will visualize themselves at 
the 6 o'clock position and the target straight-ahead at 12 o'clock. The 90° 
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WIND DIRECTION CLOCK POSITIONS & DEFLECTION EFFECT 


TARGET ©) OR GAME 


=| GUN & SHOOTER POSITION 
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wind from the right would be 3 o'clock and 90° Іей would be 9 o'clock. 
Generally, winds from 2 and 4 on the right and 8 and 10 on the left will have 
nearly as much effect in deflecting the bullet as the 3 and 9 positions. 

A wind speed of 20-mph at the 3 or 9 position will have an effect of 
about 18-mph at the 2, 4, 8 and 10 positions. These will have a crosswind 
component of 86%. The same 20-mph wind at 1, 5, 7, and 11 o'clock 
positions will have a 10-mph component. In other words, half the effect with 
à cross wind component of 5094. 

In military terms, winds from 2, 3, 4, 8, 9, and 10 o'clock positions 
arc called full-value. Winds from 1, 5, 7, and 11 o'clock are called Ahalf-value. 
Winds from 6 and 12 o'clock are called no-valve. You will notice from the 
chart that the military word choices are not very good for the 2, 4, 8, and LO 
o'clock positions. 

No wind is exactly steady. It always is a little gusty and can change 
speed by as much as 50% in just seconds. The direction of the wind also 
changes quickly and can shift back and forth by as much as three hours, 
using the clock method. 

Wind that is close to head an in the 12 o'clock position, or tail on in 
the 6 o'clock position, are not as favorable as they may appear. While it is 
true that no wind correction is needed, if the wind is moderate to strong in 
velocity it can affect the bullet's path. The wind direction will constantly 
fluctuate, sometimes by as much as 30^. The result will be group shots that 
are bigger than expected or missing a rabbit that should have been hit. 
Technically, a 12 o'clock head wind will lower the impact point and a 6 
o'clock tail wind will raise it. However, the amount will be very small at the 
short and moderate ranges. At very long range, it can be a deciding factor. 

One way to sce wind changes is through watching the heat waves 
known as the mirage. Best seen by telescope-sight or spotting scope, it is the 
shimmenng of the distant view by the heat. The light rays are bent as they 
pass through different layers of density. Refraction is a word used for this 
phenomenon, The deflected light rays must be considered in long-range 
shooting and they can by used to dope the wind changes. Long-range target 
shooters become proficient in mirage reading. This is a fascinating subject, 
but it does not come under ballistics, so we will not go into it deeper. 

Caution note: There is little benefit in using winds from the weather 
bureau because the wind can vary considerably from one area to another and 
from one shot to the next. Just in case, remember they give wind velocity in 
knots and most of us are expecting statute miles per hour. To convert, 
multiply knots (nautical miles) by 1.15. 

EFFECT OF WIND 

Of course the whole point in this discussion is that the wind will 
push à bullet off course, in some cases, by a huge amount. Delay time is the 
main point to discuss, but other ingredients enter into the recipe. 
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Time is a major factor. The more time a bullet is in flight between 
muzzle and impact, the more exposure to the wind and the more it will be 
blown off course. Normally, a longer range increases time and has the same 
effect. If other things are equal, the deflection will be directly proportional to 
the length of time the projectile is in flight. If two bullets have the same 
shape, density, stability, weight and an equal wind blowing on cach, the 
bullet in the wind the longest will obviously be blown off the most, 

Weight is also a factor because momentum is a result of weight 
times velocity and momentum tends to keep the bullet straight. If one bullet 
weights 200 grains and another 100, the heavier will be harder to push away 
from it's path, As mentioned, the higher velocity, besides spending less time 
in the crosswind, will also have more momentum. 

Densities are a factor as well because if two bullets were of the 
same weight, the less dense would be bigger and have more surface area for 
the wind to act upon. In other words, the more density, the less the bullet will 
be influenced by the wind. 

Velocity also has an effect. If we have a light bullet moving at a 
faster velocity than a heavier bullet, so that the momentum is equal, the 
lighter bullet will lose speed at a faster rate. The heavier bullet will then be 
blown off course less. If we raise the velocity of a light bullet so its 
momentum is higher than a slower-heavier bullet, the lighter bullet will be 
moved less by the crosswind. The problem with this situation is that the 
lighter bullet will not be able to hold velocity, as compared to the heavier 
bullet, which may hold it fairly well. At some point in their trajectories, the 
momentum of the light bullet will drop to a point where its advantage will be 
lost. The slower-heavier bullet may then become the one with the best wind 
resistance. 

As much importance as we have put upon weight, the ballistic 
coefficient and high velocity are the main factors in cutting wind 
deflection. The ballistic coefficient of a bullet is explained in detail 
elsewhere in this book, so no details on that will be repeated here. However, 
it does affect wind deflection as it lowers or increases air resistance and thus 
influences the time of flight, velocity holding ability, etc. A bullet with a 
good ballistic coefficient will do better in a wind. The muzzle velocity is 
important, but the bullet has to be able to maintain a fair amount of it down 


range. 
DELAY (LAG) TIME 

Delay time - also called lag time - is the difference in flight time 
that a bullet takes to traverse a given portion of its flight versus what that 
lime would be without drag (air resistance). To express it simpler and in 
another way; it is the difference between the bullet's theoretical flight time in 
a vacuum and the actual flight time. Air resistance is explained in detail 
several places in this book, (Particularly in Chapter 13.) For now, remember 
that it slows the velocity so it does not remain constant. It is decelerating. 
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SAMPLE DEFLECTIONS with a 10 mph X-wind at 4 o'clock. 
Hi la MILLE x-wimnd at 4 o'clock s 


jo ше | 


‘The delay time will be almost the same in each section of a long- - 
range shot. Not exactly the same, but so close that it is unimportant for our 
computations. The bullet's velocity slows during a long-range shot and that 
in tum increases the time to cover the same distance. They just about cancel 
each other out and the delay time in the first 50 yards will be close to the 
delay time in the last 50 yards. 
* For delay time, divide the range in feet by the muzzle velocity in 
feet per second and find the difference between that time and the actual flight 
time in seconds or fractions of a second. 
Т,=К 

Where: Т, = vacuum flight time 

R 7 range in feet 

V = muzzle velocity in feet per second (f.p.s.) 

The vacuum flight time (7,) is usually expressed as A/V. which is 
the range divided by the muzzle velocity in f.p.s. 

For a clarification, we could compare a bullet with an airplane. Say 
that an airplane started à planned 1-hour flight. If it ran into an unexpected 
head-wind and the trip took 1 hour and 10 minutes, the 10 minutes could be 
called its delay or lag time. 

Slow bullets have a high delay time. This drops as the velocity is 
increased to about 750 or 850 f.p.s. Then as the velocity enters the transonic 
range, the delay time goes up fast through the entrance to supersonic and 
starts to drop again at the high side of the transonic range. (These terms are 
explained in detail in Chapter 13.) From this point, as velocities increase, the 
delay time drops in a steady rate with no more increases. To express that in 
simpler terms, as the velocity increases, the delay time drops except for a 
sudden increase for bullets moving at or anywhere near the speed of sound. 
Another section explains the complex forces in action in the transonic range. 

Delay time is about in proportion to the square of the range. Double 
the range and the delay time will increase 4 times. Triple the range and the 
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delay time will be about 9 times as long. Notice the use of the word about. 
This is just an approximation. 

The lowest delay time will result from using the longest bullet 
available for the caliber, Why? Remember weight and density, etc. 
Ф Displacement in feet: 

For short range and where the barrel is at a low angle to the horizon, 
the following formula is used. Known as the Didion's formula, it is the most 
common formula used for wind displacement. 

D=W, (Т-Т,) 
Where: D= deflection (displacement) in feet. 
I, = cross wind velocity, or wind component if not at 90". (In f. p.s.) 
T= Time of flight in seconds for the range involved. 
T, = Vacuum flight time (The flight time if lacking an atmosphere.) 
Usually given as А / V which is range in feet divided by 
muzzle velocity in f.p.s. 

As just stated, the above formula is the standard for wind 
displacement and it has been used and proven by testing for many years. The 
verification has been from sources as renowned as the U.S. Army at the 
Aberdeen Proving Ground. 

* Displacement in feet with high elevation angles: 

For long range firing that involves high angles of elevation in 
relation to the horizon, this formula can be used. If the reader has math tables 
ог a scientific calculator, it is easy. For moderate range, cosine y can be 
omitted, although that removes the advantage of this particular formula. 

D-W,tT-[X/V(cos y)]] 

Where: D = projectile wind displacement in feet. 
i’, = cross wind velocity, or wind component if not al 
90° (in f.p.s.) 

T= time of flight 

X = range in feet (Note, feet not yards.) 
“= muzzle velocity in f p.s. 

cos у = cosine of elevation angle. 

For an example, consider a .338 Win. cartridge at a range of 500 
yards times 3 = 1,500 feet, A 10-mph wind times 1.467 = 14.67 f p.s. Flight 
time 0.744 second with a muzzle velocity of 2,700 f.p.s. and for our exercise, 
a 5° elevation angle. Both a chart of Natural Trigonometric functions and a 
scientific calculator agree on .996 for the cosine of a 5^ angle. 2,700 times 
996 = 2,689.2 divided into 1,500 = 0.5578. For T we use the .744 subtracted 
by 0.5578 = 0.1862 times 14.67 = 2.73 feet. At first this appears too low 
because we are expecting bigger numbers in inches, but it is in feet and 
therefore correct. As you can see, the low 5° angle caused the velocity to be 
multiplied by .9%6 and changed the answer very little. Higher angles will 
cause bigger changes. For example, a 30” angle would have used a cosine of 
0.866 for a larger change 
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* Displacement in inches: 
Below is a formula for displacement in inches. It is easier than it appears. 

(R/FSDT)*'H,-D 
Where: D = displacement in inches 

А = range in feet 

F= muzzle velocity in fps 

OP = delay time 

И”, = cross wind velocity or wind component in inches per second. 
(Note: inches.) 
+ Displacement in Minute of Angle 

Below: The U.S. Army used this formula for target shooting with 
the M1906 rifle and M2 ammunition. The answer is given in Minute of 
Angle. (MOA) 

W-W.*RI1U 
Where: НС = windage correction in MOA 
И, = cross wind velocity or component 
KR = range in yards 
TIME OF FLIGHT: 

This is required information for inclusion in many formulas A 
bullets velocity decreases slightly faster near the muzzle than down range, 
but it is such a small amount that for all practical purposes, the velocity 
decrease can be considered as constant, 

The mathematics used for computing the time of flight for a 
projectile is similar to most computations in this book in that many different 
formulas are available. Some are very difficult to use and, for all practical 
purposes, do not give an answer that is more suitable for our intended usc. 
As with a few other ballistic subjects, we will list just one formula and omit 
many others that would have arrived at (almost) the same place after a longer 
and more complicated route. 

To accompany the formula given below, Chapter 13 contains a Aule 
af Thumb for time of flight, which while not as accurate, is still suitable for 
many uses. 

* An easy formula for computing flight time, 
T22R! V V, 
Where: T= time of flight 

К = range in feet 

Fo = Muzzle velocity in f.p.s. 

P= remaining velocity in f p.s. 

Notice that this formula requires range in feet instead of the usual 
yards. This is so the units will be consistent with the use of feet per second 
for the velocities. This is a simple formula that requires only basic 
information that can be obtained from manufactures ballistic tables. 

This entire wind deflection problem can be confusing. Earlier we 
mentioned the bullet's time in flight as being a factor, which it is. But it is by 
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no means all the picture. If we drop a bullet to the ground from the muzzle in 
a I0-mph wind it will not be blown to the side as much as a bullet fired at a 
target or game, even if they are both in the air about the same amount of 
time. Key points are the delay ume and the speed of sound. 

All of the main elements have been proven by testing. 

We should keep in mind that the distance the wind moves 
during the time the bullet is delayed is what determines the wind effect. 

If the velocity, among other things, is equal, the heaviest bullet is 
deflected the least. If the pressure level is kept equal, the heavier bullet, and 
the lighter bullet, (other things also equal) will be deflected about the same 
by the wind. The heavier can buck the wind better but the lighter will have 
more velocity. (Note: we are discussing only wind deflection at this point. 
Not killing power for hunting or self-defense. That may be considerably 
different.) 

If two bullets are identical, including the same ballistic coefficient, 
and are fired at different velocities, the faster will be deflected the least. For 
example, suppose a .30-'06 with a 150-grain bullet is fired 200 yards at a 
muzzle velocity of 2,000 f.p.s. and is deflected 4.0" by the crosswind. This 
would be a flight time of 3217 seconds and a vacuum time of .300 seconds. 
The delay time would be the difference of .0217 seconds. If all else is equal, 
at 3,000 f.p.s. the same bullet would require 2171 seconds for the same 200 
yards, and a vacuum time of .200 seconds. This time, the delay time is ,0171 
seconds, (0171 + 40217 = 0.7880) 

In the above example, the delay time for the faster bullet is rounded 
aff to 79% less than the slower bullet so the distance it is deflected will be 
719% as much. In this case, the 4.0" is reduced to 3.16". (4.0" * 79 = 3.16") 
.22 CALIBER WIND PROBLEMS 

Normally, an increase in velocity will decrease wind deflection, 
right An exception to that rule is a .22 long rifle bullet. The airflow at Mach 
1.0 is the reason. Air resistance is increased in this velocity range and a lot of 
air turbulence and pressure changes occur. 

The delay time is affected out of proportion. The effect is in the 
velocity range of 1,120 to 1,350 f. p.s., but the .22 rim fire is almost the only 
common cartridge in this range. (The 32-20 Win. and 44-40 Win. and a few 
others are also included.) 

Wind deflection is not controlled by time of flight but by the loss of 
velocity during the time of flight. During the transition velocity range above 
ihe speed of sound, the drag increases disproportionately higher than the 
velocity increases. In other words, if the velocity is increased by a small 
amount, the drag increases by a large amount. This situation is unique to this 
velocity range. At all other velocities, an increase in velocity will bring about 
a decrease in wind deflection, but not in the upper transition range. This is 
the reason for the special .22 match ammunition that is loaded so it will not 
go fast enough to get into this velocity range. The higher velocity .22 
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ammunition has a flatter trajectory but is deflected more by a crosswind. 
(Note: for more details, see Chapter 13.) 

Some shooters incorrectly believe that an increase in velocity has 
no benefit for crosswind problems. This idea is due in part to when the 40 
grain 22 long rifle bullet was introduced in the late 1920's, It developed 
approximately 1,330 f.p.s. and performed worse than the standard bullet at 
1,150. No ane in those days knew of the problems connected with velocities 
near the speed of sound. 

WIND & PROXIMITY TO SHOOTER 

This is a little known point that is both important and intriguing. A 
wind close to the shooter will cause more deflection than the same wind 
at the target: not a little but a lot more. The reason is the closer to the 
muzzle the wind is located, the quicker the lateral momentum or deflection 
will begin. Once it has started, it will continue to move off more and more, 
The projectile will have a sideways momentum established. Only a slight 
wind will be required to accelerate the deflection. 

A very strong wind at the target area is not too important if tlie rest 
of the range is protected, Of course this will also apply to a hunter in the 
woods with a clear shot at game in a windy open area. 

For an example of this, consider а 1,000-yard range that is shielded 
from the wind at all but the first 100-yards, a culvert, a long building, a 
mountain, thick woods, a tunnel, anything that is 900-yards long. Also we 
will consider a bullet that is blown off or deflected by the wind | inch in 
100-yards. The wind speed for our example is unimportant, but we will say 
17 mph. As the drawing shows, the bullet is blown 1 inch from its straight 
path at the end of 100-yards. 

That part is easy. Now it gets trickier. The bullet leaves the muzzle 
ata cross component of zero. The rules of physics declare that to reach 100- 
yards at a 1 inch side displacement, it must obtain а 2 inch cross component. 
(Remember that it has to accelerate from zero.) The bullet will enter the 
shielded area at 1 inch off the zero line but with a sideways movement of 2 
inches per L00-yards. (.02 inch per yard.) 

The bullet enters the protected area with a Sideways movement of 2 
inches per 100-уагіѕ already established and Newton's first law of motion 
states that it will continue its lateral movement without the wind's push, In 
the 900-уага shielded area it will move over another 18 inches. This 18-inch 
sideways movement was caused only by the wind in the first 100-vards. 
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EFFECT OF A CROSS-WIND AT THE SHOOTERS POSITION 


= m. [BORE LINE 
. 19" TOTAL 2——] [m 


j| DIRECTION 


i! 900 
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WIND FREE AREA 


YARDS 
GUN 


1,000 YARD TOTAL RANGE. Exaggerated for clarity & not to scale. 
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If the range were all exposed to the wind with no shield, simple 
math would show a total deflection in the 1,000 yards of 100 inches. In this 
event, the bullet will move sideways 19-inches in just the last 100-yards. But 
that is not because the wind at the impact end is that important. The bullet 
already had reached the necessary sideways velocity al the 900-yard point. 
VELOCITY 

Although some gun authorities and sportsman believe otherwise, il 
is proven that for the least wind deflection, the highest velocity is best. The 
bullet should be able ta hold that initial velocity and a bullet shaped for the 
least drag and with some weight will do the best. The sectional density is 
also a consideration. 

BULLET CHOICE 

Any bullet with a large blunt nose should not be used for long 
distance in a wind, if it can be avoided. The resistance to wind deflection is 
very poor because of its lack of a good acrodynamic shape. (Bullets and their 
design are covered in detail in Chapter 16.) 

HOLD-OFF & SIGHT ADJUSTMENT 

Holding-off to compensate for a cross wind requires moving the 
aim point into the wind and letting the wind push the bullet over toward the 
targets center or the intended point of impact. This requires skill to do well. 
Experience and practice will pay off with more accuracy. 

Tables have been drawn up that can be used to make estimates of 
wind drift. Some basic mathematics is still involved in interpolation between 
ballistic coefficients, cross wind angle, etc. The chart-makers considered 
ballistic cocfficienis, range, cross wind and muzzle velocity. The tables are 
too long and require ioo many pages to reprint here. The Hornady 
Manufacturing Co. of Grand Island, Nebraska prints an excellent reloading 
handbook with these tables included. It also has their ballistic tables and 
cartridge and bullet information, 


EXAMPLE OF HOLD OVER TO STRIKE STAR 


ES WIND DIRECTION 
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NOTES: 

Ф It is probably unnecessary to mention this, but it is important to 
remember that wind deflection is not just a problem for rifle bullets fired at 
long range. The short and moderale ranges can be influenced as well. It also 
affects shot pellets, shotgun slugs and sabots, handgun bullets, etc. Even an 
arrow or a thrown rock is affected. The wind does not discriminate. 

* Another "unnecessary to mention" point is that all wind corrections 
are made into the wind. 

* A seldom-used rule of thumb formula that determines the 
approximate wind correction in MOA requires à constant for each cartridge. 
It involves multiplying the range in hundreds of yards by the wind velocity 
in miles per hour and then divide by a constant for the cartridge. The answer 
is the MOA wind correction angle. 
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CHAPTER 21 


SHOTGUN -- PELLET & BUCKSHOT BALLISTICS 


As we begin this discussion, we must remind ourselves that the 
physics relating to ballistics are not suspended for shotguns, Their projectiles 
have to obey the rules of nature the same as a bullet. Drag, bore friction, and 
trajectory problems, all the numerous items discussed in other parts of this 
book, affect steel shot, lead shot, and slugs. The pattern can be influenced by 
wind direction and velocity, humidity, temperature, shot size, ammo used, 
ammo type, load, etc. The gun itself has built in problems with the choke 
constriction, length of straight portion before choke, angle between straight 
portion and constriction, etc. A slug is a single projectile fired from a smooth 
bore or rifled barrel while the pellets are fired in clusters or groups. The slug 
follows the rules as does a bullet, but with its own special problems. Shot- 
shell ballistics are controlled by gauge, choke, barrel length, shot weight, 
type of crimp, crimp resistance, altitude, pellet size, wad compressibility, 
wad sealing ability, case type and shape, powder type, powder amount 
primer type, cic. 

CHOKE 

The choke is a constriction that squeezes the pellets and controls the 
pattern as it leaves the muzzle. Perhaps squeeze is not the best word to use, 
but modem science is not 100% certain how a shotgun choke operates. 
Maybe 99.99%, but not completely certain in all details. Therefore, for lack 
of a better word, we will say it is squeezed, 

As it leaves the muzzle, the shot is somewhat like heavy liquid, 
perhaps thick syrup, to some extent fluid, in other words. While science 
cannot tell exactly how the choke works, it can tell us how it doesn't work. It 
is not, as some believe, like a garden hose nozzle. The restriction is slight, by 
comparison, and it does not increase the velocity. 

Most modern chokes are either cut in the inside of the barrel by 
reamers that аге made to the desired dimensions and shape, similar to the 
method of cutting chambers, or they are swaged. 

Rotary swaging is a method of reducing the cross-sectional area of 
the barrel. This is a process involving squeezing the stecl blank on the 
outside. The shape is formed by compression from high pressure. This 
increases the hardness and the tensile strength of the metal, so long as 
fracture does not occur from excessive action. Very close tolerances can be 
held by what is essentially a rotary forging machine. Formerly, some barrels 
were left with the outside of the barrel tapered to a smaller diameter at the 
choke, which gave both an odd appearance and a weak wall section. Now 
they are machined bell shaped on the outer diameter so it will be straight 
after swaging. 
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There are different amounts of choke, from full to a cylinder bore, 
which has no constriction and therefore, no choke. 

The cylinder or unchoked bore permits the pellets to disperse some 
at the muzzle and air resistance disperses them more. The result is a large 
pattern that is open and spread out with no protection from air resistance. 

short fired through a full choke exits in a straight line with the 
pellets strung out in à row. The pattern at the target should be small. The 
pellets in front block the air somewhat from the pellets farther back in the 
string. Although strung out, they should stay tightly bunched. 

Testing by the University College London Ballistics Research 
Laboratory in London, England has shown that the trailing pellets in soft- 
lead patterns have only 50% of the energy at the target as the pellets in the 
forward bunch. This same laboratory has discovered that some long strings 
of pellets have some of the pellets so far behind they serve very little 
purpose. With hard shot loads, they find that some full chokes will create a 
very short pattern that has higher than normal velocity. They did one test that 
produced a 10% higher velocity with full choke than with cylinder choke at 
20 to 40 yards. This test used Winchester 73 trap-loads. 

The full choke puts the most shot pellets in the smallest area, but 
that is not always desired. Quail that are flushed up and fly close to the 
hunter are an example where a full choke is usually too much. They would 
be harder to hit, and if the hunter was lucky enough to hit one, it would be 
damaged beyond use. The improved cylinder or modified is frequently used 
in this case. Most flying game are hunted best with improved cylinder or a 
modified choke. This includes pheasant and ducks at 40 yards, although 
frequently an improved choke will not put enough shot into the bird. 

Most shotgun kills on game such as rabbits, quail, grouse etc. are 
shot at an average range of about 20 yards, which is not very far at all. It is 
close enough that more hits could be counted with improved-cylinder or 
skeet bore or perhaps in some cases, modified. Many shooters want full 
choke bores when they would do much better without so much choke. The 
pattern is too narrow and crammed. Many guns will pattern about the same 
at 20 yards if choked between full and modified but will open up 8" to 10" 
for improved-cylinder and another 3" or 4° for skect choke. An average at 20 
yards for 12 gauge will be around 18" to 22", This may be too tight for the 
range at which most upland game is taken. Informal testing shows that 
heavier shot loads can give bigger patterns so a substantial load may be best 
for any choke. As declared at other places in this book, test your own gun. 
It may not perform as expected and your needs may be different than 
average. 

The Winchester shot-shell guide recommends full choke for only 
turkeys. Many shooters like it for highflying ducks, and a few additional 
select uses, Ground game fits into the same pattern with one choke not 
suitable for all game, Practice, experience, and pattern testing of the gun will 
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be the deciding factor, Generally, if à manufacturer of such a high caliber 
(pun intended) as Winchester recommends a particular gauge, shot size or 
choke, it would be wise to pay attention. Many years of research go into their 
reports. 

Choke constrictions have become less over the years, mostly 
because of changes in ammunition, In other words, à full choke needs less 
constriction to obtain the desired per cent of pellets in the circle, Constriction 
may vary with manufacturer, but all are using less and the published charts 
and tables clearly show it. A 040 inch constriction delivered a 65% to 70% 
pattern and now it is common to obtain 80% with only .030 inch. 

Ammunition changes in shot types, crimps, wads, shot. protectors; 
all have brought about needed changes in barrel dimensions. As we can 
easily understand, the less choke, the less change over the years. Cylinder is 
still no choke and improved or quarter choke is given now as 005 or .006 
instead of the former .010 inch 
* With different manufacturers using different specifications as a 
result of their testing and field trials, and the changes from ammunition 
improvement, measuring the end of a barrel to determine choke is usually 
futile, There is even a huge variation between bore diameters of the same 
make and model in the same gauge. Test firing is still required. 
$ Browning shotguns are utilizing what they call back boring. The 
bore diameter ahead of the chamber is opened up about .745 inch in a 12 
gauge instead of the usual .725 inch. Browning claims better patterns 
because of less pellet deformation and improved velocity with reduced 
recoil. From a standpoint of ballistic theory, this is reasonable and has been 
applied earlier with success. 

There are numerous choke designs and many are very good if used 
for what they are intended. 

+ A Russian style choke has proven effective in producing a dense 
and even spread for skeet and other uses at 25 yards ог less. It starts as a 
normal 12 gauge but out toward the muzzle it tapers from the standard .725" 
bore to about .780" shortly before closing it down to about .760", This is 
then rapidly tapered out to about .795" at the opening. Several choke styles 
open back up to the bore size or larger at the muzzle instead of just closing in 
for the choke and remaining there, All of these alternative methods are more 
costly to produce, 

Ф Rare and unusual is the Paradox shotgun barrel, which has 2" to 3" 
of helix rifling at the muzzle. The rest of the bore is smooth. It is reported to 
be good with both shot pellets and slugs. Webster's Dictionary defines a 
paradox as something that is contradictory, unbelievable or absurd but may 
actually be true. The name is appropriate. 

PERCENT OF REDUCTION 

Percent of reduction is the difference between the choke diameter 
and the bore diameter in inches (the constriction). It is easy to figure, but it is 
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easier to refer to a chart. The three place decimal numbers are thousandths of 
an inch. In other words, .018 would be read as 18 thousandths. 


10 ра. 12 ра, 16 ра. Mga 28 ра. .410 bore 


1% ‚004 004 з O09 .003 O02 
2% бов 007 007 006 — .006 1004 
370 013 11 109 009 008 005 
4% O16 015 13 012 011 007 
5% 019 OW IF 015 014 O10 
6%o 024 (22 020 01 017 012 
79% O28 026 24 022 020 015 
ara 032 O30 O27 025 022 017 
9s 035 034  .030 028 — .025 O19 
10% O40 38 034 031 028 021 
CHOKE LONGEVITY 


It is generally believed that a choke can be shot out of a barrel. In 
other words, the abrasive action of the pellets will wear down the choke. 
Winchester tested this with a standard production Model 97 in 12 gauge. 
Beginning in 1914 and for about the next 29 years, the weapon fired 
1,247,000 shotgun shells. (No, that is not an error. It is about onc and a 
quarter million.) Winchester stated in 1943 that the gun, by actual test, was 
above the passing pattem percentages for a new gun of the same gauge. Not 
all barrels will be as good as this Winchester, but most chokes should last for 

It is also believed that chokes are worn down more by one type of 
shot than another. If this were true, fine pellets would cause more pressure 
and friction than larger pellets or buckshot. As Winchester showed us in the 
previous paragraph, a good barrel will take more wear than most shooters 
will ever give it. 

PERCENT of PELLETS in CIRCLE at 40 YARDS 

The following chart should be considered only a rough guide. There 
is too much variation between companies, countries, and constantly 
changing improvements for this to be anything but an approximation, All 
charts are different, and to make it worse, they are frequently changed. Most 
charts say theirs is the standard. Of course, they cannot be standard if they 
are all different. The list below is an average, an approximation. 


Choke name Also called Ҹ Constriction 

full choke... P we TOY to 7596... .......030" 
three-quarter choke... en _improved-modified.... 60% to б5%........... 020" 
half choke... „modified... e O |... 011" 
quarter choke.... »»-improved-cylinder. ILS 45% to 50%....... 0007" 
skeet no. 2... em saaa 900 to 60% 
cylinder-skeet n. d ie leta DSL. o^ 
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PATTERN TESTING 

To paraphrase, all chokes and barrels are not created equal. There is 
considerable variation between manufactures and also between guns made in 
different countries. The actual choke amount and more important, the effect, 
can only be determined by test firing (patlerning). 

The amount of choke is based on the percentage of pellets fired into 
a 30" circle from 40 yards, The distance is important and it should be 
measured. As would be expected, the diameter of a pattem will get larger 
with increased distance, The area it has to cover increases with the square 
of the distance. In other words, the pattern thins out twice as fast as the 
diameter increases. (When comparing two different shot charges with a 
different amount of pellets, the distances of equal pattern density are the 
same as the square roots of their shot loads.) Normally, all gauges will be 
patterned at 40 yards except the .410 bore. Pattern it at 25 yards, The 40 
yards can also be changed to suit a specific need. For example, skeet patterns 
may be tested at 25 yards, the standard skeet distance. 

Don't draw the circle first. Fire the shotgun into a large shect of 
paper or cardboard and then draw a 30" circle around the center of the 
thickest part of the pattern. This also should have been the aiming point, if 
you have a good gun and some skill. 

For a large quantity of tests, some people use a large steel plate. 
Before each shot, brush on a coat of paint made from a medium consistency 
mixture of motor oil and white lead. The oil prevents the coating from drying 
hard and keeps it pliant. Use oil thick enough to prevent the mixture from 
running down before the shot is fired and the pellets counted. After each shot 
and circle is drawn, the plate can be repainted in seconds and ready for 
another test. Vegetable oil with about a 4 to 1 mixture of an oil-based paint 
will also work well, (Heavy on the oil and light on the paint.) 

Patterning a shotgun takes a lot of time to do correctly. The person 
Who doesn't have the time or energy to perform the task properly will pay for 
the lapse at the trap-shoot or hunt or wherever the gun is used. 


Testing has proven the pattern of shot pellets does not travel out in a straight 
line but instead spreads further out as the range is increased. While this is 
known to happen, experts can't agree on why it occurs. 
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You have to know the number of pellets in the shell, Pellet count is 
important and can vary by a moderate amount even in the same box. Several 
in a box should be opened, counted and the average used. Divide that 
number into the number counted in the circle. This gives the percentage. To 
be precise, a number of shots should be fired. Use an average of them. Five 
would be a minimum for testing à new gun or shell. Ten shots are best and 
considered standard. This will give 95% reliability in spotting differences 
down to about 6% ог 7%. 

This is very time consuming but it is worth the effort. 

Example: 218 holes in the circle from a total of 460 in the charge. 
218 divided by 460 equal 47%. 

VERTICAL PATTERN TESTING 

Shot patterns from vertical firing have been shown to be the same 
as from horizontal firing. The American Rifleman reported back in June 1965 
ihat test patterns had been taken on paper mounted 100 feet up and fixed to 
extend outward from a tower. The patterns were basically the same as from 
the same guns fired horizontally. With the use shotguns receive during bird 
hunting season, this is good to know. From a ballistic standpoint, there is no 
reason to suspect the result would have been otherwise. While the direction 
af the pull af gravity is different, it is a minor force (everything considered) 
that may slightly change the point of impact but not the pattern. 
TARGETING - IMPACT POINT 

At the time patterning is being tested, the center of impact should be 
checked. Very few shotguns shoot where the owner believes they do and just 
throwing it to the shoulder and looking down the barrel is not a good 
indication. True, it will occasionally tell something, but not as often as 
expected. 

Check for point of impact at the distance of intended use. Test it 
both with a careful aim and a fast point. For best results, the person that will 
use the gun should test it. The pattern will be the same from one gunner to 
another, but the impact point can vary with technique and the shooter's body 
build. 

There are many reasons besides shooter error for a shotgun to not 
hit where it is expected. A few are choke type and quality, reamer drif 
during manufacture, rib position and alignment. Furthermore, there are all 
the problems that go with fitting a stock to a shooter's size and style. 

Targeting a shotgun is different in that an aiming point is put on the 
paper first, Shoot at the aiming point in the same way that you would if 
hunting. Do not aim carefully as you would with a rifle. Take several shots 
and check if the pattern's center is near the mark. Most hunters prefer the 
center of impact to be about 3" above the aiming point. Clay target shooters 
prefer about 9" high. Some trap-shooters will want even more height, but it 
is always a rnatter of personal preference. Any major errors to right or left as 
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well as height will require either a change in technique or a trip to the local 
gunsmith, or both. 
THE WANNSEE TARGET - 

The 16 section Wannsee target is a German invention from the 
1920's. It consists of an outer circle of 30" diameter divided into 12 equal 
sections and an inner circle of 15" diameter divided into 4 equal sections. All 
16 sections are an equal area of 43 sq. in. This is supposed to have a direct 
relationship to game hunted by shotgun. Two adjoining full sections equal a 
rabbit, two-thirds of a section equal a mallard or pheasant, and one-third 
equal a partridge, etc. The target indicates the direct result a pattern would 
have on different types of game, 

This chart is somewhat similar to a Russian design by A. Zernov, 
which has more rings and sections. 


16 SECTION WANNSEE TARGET 


30" diameter 
outer circle 


Sirikes in cach section can be counted and the result is the 
relationship between sections and the pattern as a whole. The usual pattern 
percentage can be determined from the percent of charge in the 30" circle. 
The thickening can be figured by the density of inner circle strikes compared 
to the density of strikes in the outer circle, There is one-third the area in the 
inner 15" circle, so for comparison, the total strikes in the inner circle is 
multiplied by three. Divide the answer into the total strikes in the outer circle 
for a quantitative number. 

This 16-section pattern is also useful in other comparisons as well, 

To use a direct comparison in a 30" circle and thereby eliminate the 
multiplication, the inner circle should be 21.2 inches. This gives the inner 
and outer circles equal areas. The illusion created prevents them from 
appearing equal, but nevertheless, they are, While not as useful as a 15" 
circle, it is much easier. 
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A PRACTICAL TEST 

Another interesting test, and one thal is perhaps more practical, is 
shooting at something that resembles field shooting, After patterning, try 
shooting al targets of game drawn life size and placed at the range that 
possibly will be used. Don't aim carefully but raise the gun quickly and 
without careful aiming, fire. The idea is to reproduce field conditions. The 
result can tell a lot about aiming, range, gun fit, pattern, etc. The outcome 
can be a real surprise. 

DOUBLE BARREL SHOTGUNS 

Double barrel guns have their own special problems. They are 
usually set to impact both barrels at the same point at 40 yards, but this is 
only with a perfect gun. And we all know how hard perfection is to achieve. 

Dowble barrel guns, whether side by side or over-under, should be 
tested to sec that each barrel will pattern as expected and shoot where 
pointed. Sometimes a change in ammo and loads can create a situation or 
solve a problem where the barrels don't shoot together. It is rare and the 
reason can remain unknown. The owner of a double who has a problem of 
this type should try different loads, components, etc. It may not help, but 
then again, it might. 

Some shooters believe that an over-under or side-by-side double 
will change point of impact because of heat from rapid fire. The theory is 
based on the two barrels heating unevenly and one-barrel pulling or 
distorting the other; і.е. a warp or bending. One barrel will heat and expand 
more than the other. The hot barrel will not be able to simply expand straight 
but will be pulled or bent some by the cooler unexpanded barrel. Some 
experienced shooters say that is baloney and that it will not happen. 

If we stop to think about it, the answer is obvious. From a purely 
technical standpoint it would be possible because of the attachment of the 
two barrels. Heat is an ingredient that cannot be ignored. But from a 
practical standpoint, rarely would enough shots be fired rapidly to create 
enough heat. More important, few people would be able to tell if a pellet 
group was pulled off by an inch or two at 40 yards, In this case, what would 
be a disaster for a rifle would be unnoticeable with a shotgun. 

(For a discussion of shotgun doubling, that is both barrels firing at ance, see 


page 72.) 
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PELLET SIZE CHART 


This chart is very complete and includes a lot of odd and unusual 
sizes, All buckshot sizes are listed in the Eastern system, now called the 
American system. The Western system, in use until 1950, is not given. 
Buckshot sizes are allowed a tolerance of + or - 0.0015 of an inch. 


Pellets in 1 oz. 

Size Dia.ininches Dia. in mm Lead Steel 
12 05 1.27 2385 

ll 06 1.52 1380 

10 07 1.77 868 

9 O8 2.03 585 

81 O85 2.15 

8 09 228 410 

7} 095 241 350 

7 10 2.54 299 

б 1 2,79 225 316 
5 12 3.05 170 143 
4 13 3.30 135 191 
3 14 3.55 109 153 
2 15 3.81 87 125 

Ї іб 4.06 73 103 
В ‚17 4.32 59 
Air rifle .175 4.44 55 

BB 18 4.57 50 T 
BBB 19 4.83 42 &l 
T 20 5.08 40 53 
TT 2] 5.33 35 

TIT (or F) 22 5.59 30 
TTTT(orPF) .23 5.84 27 

4 Buck 24 6.10 21 

3 Buck 26 6.35 181 

2 Buck 27 6.86 15 

1 Buck ‚320 7.62 11 

0 Buck ‚322 8.13 9 

00 Buck 33 #38 gi 

000 Buck ‚36 9.14 

00-0 ‚323 

2 Federal Buck .285 

1 Special 289 


eee, 
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PELLET SIZE 

There are at least 24 known chans and systems of shot sizes in use 
by different countries. All but three assign the largest number to the smallest 
pellet size. Several countries use more than one system. France has eight, 
which is somewhat exceeding a reasonable amount. Worldwide, some 
methods are similar and others are as different as night and day. The Polish 
and Austrian systems are the same. The English and Belgian disagree on 
only the coarse shot. The German system is probably the simplest and most 
straightforward. They do not use conventional shot size numbers. Instead, 
the sizes are labeled by the pellet diameter in millimeters; direct and readily 
understood 

The importance of choosing the best pellet size for the job cannot 
be overstated, The heavier the shot, the better the penetration for a quicker 
kill but also fewer pellets in the shell and a weaker pattern. It is not good, in 
bird shooting for example, to use a shot size heavier than needed and have a 
thin pattern that the bird can fly through. Usually it is best to use the smallest 
size that will kill the game that is hunted. This will give the best pattern out 
to a suitable range. Beyond that range, it will be a chance kill. 
PELLET SIZE RULE OF THUMB 

A simple rule of thumb for finding a shot pellet's diameter (sizes 1 
through 12) is to remember the number 17, The size number subtracted from 
the constant 17 will give the shot size diameter in hundredths of an inch. 
Example: 17 minus б equal 11 and the chart reveals .110 as the diameter for 
No. 6 shot pellets. Another example: number 8 shot, take 8 from 17 for an 
answer of 9. The 9 is then read as .09 because the answer is the diameter in 
hundredths. Very little thought is required to reason out where the decimal 
point goes. 


MISSHAPED PELLETS USUALLY FL YOFF 


со 9,9 e. бе 


Е mmu [o Fave ge pes dde о 
"Y 
PELLET DEFORMATION - 

The spherical shape of pellets gives them poor ballistics even when 
undamaged. Heat, friction, and abrasion damage the pellets that come in 
contact with the bore. Pellets also bounce off of each other and push and hit 
each other. All the pellets in the load are competing for the same space. Lead 
pellets are safter than steel pellets so the damage is easier and increased. 

Pellets that are misshapen usually fly off and reduce pattern density. 
The air resistance acts on them in an uneven manner causing them to gyrate 
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and twirl from the string. These damaged pellets, even if remaining in the 
pattern, suffer from energy and velocity loss. Low velocity shells with lower 
pressures usually give a tighter pattern. This is one of the main reasons the 
old saying to that conclusion is true. Lower velocity can frequently cause 
less damage to the pellets and therefore more pellets will stay in the pattern. 
Besides velocity, the use of lead that is harder or magnum grade can reduce 
the shot deformation. The trip down the bore can be harmful to the shot and 
in turn, on the pattem. Ordinarily it is worth the extra cost for the harder 
Shot. 

The lower velocity shells also give lower recoil and the reduced 
kick can be an advantage. Another detail about lower velocity shells is they 
lose their velocity and energy at a slower rate. In other words, while the shot 
may leave the barrel at 10% less than the higher-velocity load (example 
only), at 50 yards the difference may be down to as close as 2%, Air 
resistance is the primary cause. The slower shot pellets hold their speed 
better. Ifyou wish, refer to Chapter 13 where velocity and aerodynamic drag 
are discussed. Drag increases almost as the square of the velocity, If we 
double the velocity, the drag increases 4 times. Triple the velocity and the 
drag increases 9 times. This holds for subsonic velocities. The drag at the 
higher speeds increases even more rapidly. 

Using as heavy a shot as suitable will also help to maintain muzzle 
velocity and energy. 

Pellet deformation, and thus erratic and unpredictable flight, can be 
caused by hand-loading errors. The most common is not using proper wad 
seating pressure. This prevents the wad from springing and absorbing some 
of the shock. The bottom pellets can thus be deformed during the rapid 
acceleration, While this is not as fussy with today’s materials as in years 
past, it still should not be ignored. 

AIR FLOW 

In Chapter 13 there is information on airflow, resistance and the 
pressure flow around a moving bullet. Shot pellets and other spherical 
projectiles pick up а boundary layer of air that is next to the object and 
moves with it The air directly next to the object moves at the same velocity 
while air further out also moves but at less velocity. This is similar to bullets 
and other projectiles. Readers familiar with aircraft and aerodynamics will be 
familiar with the term boundary layer. The meaning is similar. 

SPREADER LOADS 

Modern chokes and ammunition cause long-range shooting to be 
easier than in the past. The short range shot at ruffled grouse, for example, 
demands a wide spread with a pattern that is even and nicely spaced. ! 

With the improvement and popularity of choke tubes and other 
methods to vary the constriction, the use of loads that would spread the 
pellets out in a full choke is not as popular as in the past, Once factory 
loaded and now only loaded by hand, spreaders will cause a full choke gun 
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to perform as a modified or improved. It isn't that precise or simple, of 
course, but that is the basic idea and it docs work. 

There are two methods of loading spreaders. One is to cut 2 pieces 
of cardboard so they can be interlocked by notching cach half way through 
and placed in the shell at right angles to each other in the shape of an X. This 
divides the pellets into 4 separate compartments as viewed from the open 
end. The pellets are then poured in to the four areas. 

The easier and faster method is to pour one third of the pellets into 
the case. Next place a cardboard wad or divider and another third of the 
pellets. Then add a 2nd. cardboard divider and the final third of the pellets. 
The result is a load split into three sections. An exact equal division is not 
required 

Testing is as easy or as difficult - take your pick - as any patierning 
job and should be done if someone is considering using spreader loads. In а 
full choke gun, they work amazingly well, at least in the author's experience. 
They help if using a full choke barrel at close range, but not much benefit for 
barrels that are open. The pattern may not be as good as an improved 
cylinder, for example, but it does serve a useful purpose. 

Another method of spreading the pellets is to load or use the softest 
shot available at the highest velocity. This will spread the shot because of 
deformation. The success of this method proves that distortion and 
misshaping can and does affect the ballistics of the pellets. 


PELLET MATERIALS & CHOICES 


LEAD vs, STEEL PELLETS 

The U. S. Fish and Wildlife Service, for environmental reasons, 
prohibited lead shot for waterfowl hunting since the 1991-1992 season. The 
objective was to lower the loss of waterfowl from Ісай poisoning. Lead shot 
and steel shot have different weight and hardness characteristics and this 
creates a problem. Steel has a density of about 70% to 74% of lead and the 
result is a capability to cripple instead of kill. 

Steel pellets and lead pellets are different from a ballistic standpoint 
and the difference shows up while the shot is still in the bore. While the soft 
heavy lead is the best, it is not compatible with the hard, and sometimes hot, 
shotgun bore. 

Steel shot is harder than lead shot. The bore does not misshape it as 
much so it stays with the pattern better, i.e. holds a better pattern. A shot 
string is usually about one third shorter and the pattern is tighter compared to 
lead. The lack of bore damage protects it from energy and velocity loss. 
Steel. on the other hand, is much lighter than lead, and has a ballistic 
disadvantage because of the lighter weight. It drops its energy and velocity 
faster. At 40 yards, it requires a No. 2 steel pellet to produce the energy ofa 
No. 4 in lead, Standard lead is, therefore, better than steel for shot, 
(Environmental issues aside.) It is made of low carbon steel that is treated 
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with rust preventative. It is annealed from 150 ОРН (diamond pyramidal 
hardness) to 75-90. By comparison, lead shot is about 25-35 DFH. (Lead's 
Brinell hardness is 12 and stecl’s Brinell hardness is 260.) This is hard 
enough that only screw-in choke systems approved for steel shot should be 
used. 

Lead shot can be protected from bore damage with the use of a 
material that is put in the shell with the pellets to cushion and protect them. 
A buffering agent is the terim applied to the cushioning material, Bone meal 
was used some years ago but it is now replaced by plastic powder. The 
buffered or protected pellets average around 45 f p.s. faster. Buffering helps 
with steel shot as well as lead shot. This indicates benefits beyond the 
protection from deformation. Possibly in helping the fluid characteristic 
discussed earlier. Caution note to hand-loaders: Buffering increases 
weight and can increase pressure. Use only approved material and 
techniques and follow instructions with care. 

Hard shot pellets form a different pattern than soft shot pellets, a lot 
different. In a modified barrel, very hard shot will pattern as if the barrel was 
full choke and very soft shot will pattern as open or cylinder choke, 

The addition of antimony hardens the shot pellets. A silver-white, 
brittle element, its main use is in alloys to increase hardness. It is also used 
m pigments and medicines. Soft shot will have about .5% and hard shot 
about 3%, Some premium grades will go to 7%. Notice that the .5*5 has a 
decimal point in front and the others do not, This is an important difference. 

A rule says that for the same energy as a lead pellet, to go two sizes 
larger with a steel pellet. If the ballistic tables are checked, it will appear to 
be close in most sizes. In other words, use no. 4 steel pellets instead of a no. 
6 lead pellet, etc. The reason is because a steel pellet will weigh about 30% 
less than lead when the diameters are the same. Therefore, it will take more 
space in the cartridge if the charge remains equal, Worded differently, there 
are more steel pellets in equal weights. The catch is that the lead will deliver 
more impact energy than the steel shot because of its heavier density, The 
projectiles are nut equal in density by using two sizes larger. In most cases, 
to get an equal performance to lead, including impact energy, the 
change would have to be bigger than two sizes, The earlier mentioned 
University College London Ballistics Research Laboratory has determined 
that the deceleration rate of stee] # 4 is exactly the same as hard lead #74. As 
the reader has probably learned from earlier in this book, the deceleration 
rate will influence the flight time and the lead on a moving target. 

The amount to shoot ahead of a moving target with steel shot will 
be slightly less than at ranges below about 35 yards and longer at ranges over 
that amount. The reason is because steel shot usually (not always) leaves the 
muzzle faster, But, it cannot hold iis velocity and it rapidly decelerates. Of 
course, the change in lead will only be a few inches and affect only the best 
shooter. To be honest, most of us are not good enougli to notice a few inches 
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difference in lead. (Not the metal this time, but meaning ahead of. It can be 
confusing because both are spelled the same.) 


LEAD vs. STEEL COMPARISON CHART 
Source: SAAMI Exterior Ballistics Tables Adopted 4/23/81. 


Muzzle Retained energy 
Shot Shot No. Velocity per pellet (ft. Ibs.) 
type Wt. Size Pellets — (f.p.s.) 40 vards 60 yards 


Lead 1i ü 281 1330 23 1.3 
Steel 12 4 215 1365 2.5 14 
Lead 1} 4 169 1330) 44 17 
Steel lH 2 141 1365 44 26 
Lead 1i 4 202 1260 41 26 
Steel 13 2 156 1275 4.1 24 
Lead 14 2 130 1260 7.0 4.6 
Steel H BB 90 1275 &.3 53 


A lot of false information has circulated concerning the effective 
range of steel shot. In the recent past, a chart was distributed by both the 
private organization that created it and by the U.S. Fish and Wildlife Service 
that promoted use well beyond proper range. 

Bird shooting should be approached with the same concern for 
crippled and wounded game as used by most big game hunters. Most hunters 
are responsible and will follow sensible guidelines. Unfortunately, long- 
range use with steel shot will not give effective results, The ballistic 
performance is just not available. 

Two extensive tests have been completed that prove the 
ineffectiveness of steel shot on birds at range. One was conducted by 
Winchester and surprisingly: the other was by the U.S. Fish and Wildlife 
Service. 

BISMUTH PELLETS 

The objective is a nontoxic pellet that will not have the 
environmental hazards possessed by lead or the poor ballistics and possible 
bore damage of steel. The two popular choices at this time are hismuth and 
tungsten. The Fish and Wildlife Service approved bismuth on a іла! basis 
through the end of the 1994-1995 waterfowl season. This was the beginning 
af acceptance for a good product. 
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Earlier we stated that steel’s Brinell hardness was about 260 and 
lead's Brinell hardness was 12. Bismuth's Brinell hardness is 18, which is 
close to lead. 

Bismuth has а ballistic superiority over steel shot and is nontoxic to 
humans and waterfowl, The most popular type has 3% tin as an alloying 
agent to reduce fragility, It is 91% as dense as lead while stecl varies from 
7055 to 74%. This is a major improvement. Another is called ТВТ because il 
is a combination of 36% tungsten, 44.5% bismuth, and 16.5% tin alloy. This 
mixture has almost the density of lead. 

Pure bismuth is too brittle to use without an alloy. This will produce 
shot that is not just bruised but broken. The paor patterns that follow are 
expected. The addition of tin softens the shot. 

In the earlier editions of this book, the use of bismuth was new and 
all we could say was that it should not damage bores, but it was too new for 
а definite statement, Now it can be said that it will definitely not damage 
bores. (Steel will damage them, but lead and bismuth will not.) Also, it is so 
close to lead in density, that it can be loaded to the same velocities and 
quantities as lead. 

As an orc, bismuth is an clemental metal and can be found in 
deposits of lead, silver, gold, tin, and copper. Interestingly, as Bismuth 
Subsalicylate, it is also an ingredient in Pepto-Bismol Е. 

TUNGSTEN PELLETS 

Another modern choice for pellets is tungsten, Along with bismuth, 
it is nontoxic and environmentally safe. 

Tungsten is know for its use as the material for filaments in lamps 
and for its hardness and antiwear qualities in cutting tools, such as drills, 
reamers, and milling machine cutters. Pellets made completely of tungsten 
would be too expensive and too hard, so the pellets most commonly found 
are a combination of 40% tungsten and 60% iron. This product is just 10% 
denser than bismuth, 32% denser than steel, and a strong 94% as dense as 
lead. It is harder than each of the others is, so for bore Protection, the 
engineers designed a special wad, 

Tungsten loads are not recommended for full choke bores. Modified 
choke is the tightest that is recommended. Also, tungsten pellets are 
expensive, as compared to the other choices. 

COMPARISON - TUNGSTEN vs. BISMUTH 

In muzzle velocity, tungsten loads will have a slightly higher 
velocity than bismuth, at 1,400 i.p.s. vs. 1,300 f p.s. The muzzle energy for 
bismuth will average about 2,600 ft.-Ibs. to tungsten's energy of 2,100 fi- 
Ibs, 

At 40-yards, the velocity is still better for the tungsten at about 875 
fp.s. vs. 790 fp.s. The energy spread is much closer at 40-yards, but 
bismuth still holds about a 250 fi.-Ibs. advantage. 
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At 60-yards, the velocity spread has dropped to only about 30 
fps, with the advantage still to tungsten. The energy advantage is still to 
bismuth, but by only about 155 ft.-Ibs. 

NOTE: Tungsten and bismuth are difficult to locate and not 
available in all areas. Also, as this is written, one major U.S. ammunition 
manufacturer does not label their boxes as to what type of pellet material is 


used. 
PELLET DENSITY 
Steel 7.9 grams per cubic centimeter 
Bismuth----- Wis C^ =, = 1 
Tungsten-- 10.4 LU] a4 =e Ti 
Lead--—-———— 111 = ^" ^" = 
PELLET MAXIMUM RANGE 


Shotguns are similar to other firearms in that the angle between the 
bore and the horizon for longest range is not 45°, as some people may 
believe, but 20° to 30°. Naturally 45° would be correct in a vacuum, à no 
atmosphere condition without air resistance. A problem in safety is evident 
because shotguns, due to the nature of bird hunting, are frequently fired at 
the angles that give the longest range. (Chapter 19 discusses maximum 
range.) 

Air resistance is the reason for the poor range because the pellets 
are very little, and their surface is big in ratio to their mass. The ballistic 
coefficient that is required to overcome the drag depends on their diameter. 
All of this has been discussed earlier, and the laws of physics apply to 
shotgun pellets as well as rifle bullets. 

The basic rule for shotgun range goes back to the early 20th, 
Century, and is still valid today. A French officer, General Journee, 
discovered that the maximum range of shot pellets in yards could be found 
by multiplying the diameter of lead shot in inches by 2,200. Example: No. 9 
shot is .08 * 2200 = 176 yards. Velocity was not included because it has very 
little effect on the outcome. Also, choke has such a little effect that it is not 
included. 

There have been several other methods or rules created, and all give 
answers that are close to Journec's rule. These different methods and charts, 
including one by the U.S. Army, agree with Joumee in some areas and 
disagree in others. Unfortunately, the areas of agreement and disagreement 
are different among them. In other words, they don't agree on what to agree 
on. 

One rule that is easy can be used if the pellet's diameter is known in 
millimeters, It says that the maximum range in meters is obtained by 
multiplying the shot pellet's diameter in millimeters by 100. The answer will 
be slightly longer than with Journee's formula. 
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But until something better comes along, Journee's rule can still be 
used, Remember that this is for lead shot; 


EXAMPLE: 00 Buckshot 44 * 2200 = 748 yards 
# 2 shot LS * 2200 = 330 yards 
# 6 shot 113 * 2200 = 286 yards 
# 9 shot ‚08 * 2200= 176 yards 
# 12 shot 05 * 2200= 110 yards 


A muzzle velocity of 1,230 fps. is a good average for shot pellets. 
(A check of the latest Winchester Shot-shell Information showed the lowest 
at 1,040 f. p.s, It was all by itself with no other below 1,125 f.p.s. The fastest 
was 1,422 Ép.s. and it was the only one - out of 66 - over 1,375 f p.s.) The 
spherical shape has such poor aerodynamic qualities that even if the muzzle 
velocity is double that amount, it will be reduced to 1,200 Ёр.в. in about 30 
yards. Therefore, if we doubled the velocity we could not increase the range 
by more than 30 vards. 

(There is more on shotgun range and Journee's formula on page 
270.) 

One problem that should be mentioned about pellet range is 
clumping. It has been known to increase pellet range and endanger people. 
Clumping, sometimes called shot balling, is where some of the pellets are 
fused together by the escaping hol gas. The wads of today's shells seal very 
good and this is now a rare occurrence. Мапу years ago, it was more 
common but it still happens occasionally. 

BORE & CHOKE FOR RANGE 

If the bore is reduced by a small amount, by two or three thousands 
of an inch (.002* - 0037), the barrel will require slightly less choke to 
produce the same pattern percentage. 

For longer than normal range, the best luck will be a very smooth 
polished bore that is .002" ог ,003* oversized. Remington Arms reportedly 
used this technique in special long range Model 115. 

Normally, less choke is needed if the shot size is increased and 
more choke if the shot size is reduced. As stated so frequently the reader is 
probably tired of seeing it, test your gun, It may not be in the normal group. 
BUCKSHOT 

Buckshot, which is really nothing more than larger size pellets, kills 
by a multiple sirike pattern the same way that bird-shot kills, unless the 
shooter gets very lucky and one pellet hits a vital spot. Ás with shells with 
smaller pellets, buckshot loads must have an adequate number of pellets to 
form a pattern density that will do the job. The large buckshot, such as 00 
and 000, may not have enough pellets for coverage. They are popular with 
shooters who don't realize how few pellets they have in а shell. That is not to 
say that they should not be used. Of course they should, Just be aware of the 
density involved. A chart is included on this subject. 
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Smaller birdshot pellets are dumped in the empty shell at random, 
but buckshot has to be placed in the shell in layers. The size of the bore 
(gauge) and the size of the buckshot determine the arrangement, 

There has been considerable improvement in buckshot ammunition 
in the past years, but it is still entirely for short-range use. Only someone 
who cares not whether he cripples and maims, will shoot decr with buckshot 
at a 100 yards. 

Smaller buckshot has a larger total pellet weight because they fit 
more efficiently in the space available. This higher weight will sacrifice a 
little in muzzle velocity, but it is usually not enough to be important. 


BUCKSHOT LOADINGS 


Total 

Velocity Buck Pellets Total weight 

Ga. Length fips. по. Layers /layer pellets in oz 
10 312" поо 4 6 9 54 2.54 
12 23/4" 1325 4 TE 27 1.27 
12 M.234" 1250 4 5 7* 34 1.60 
12 234" 1250 І 4 4 16 1.46 
12 М 23/4" 1075 | 5 4 20 1.83 
12 234" 1275 0 4 3 12 1.32 
12 23/4" 1325 (0) 3 3 9 11 
12 м. 23/4" 1290 00 4 3 12 1.48 
12 23/4" 1315 000 4 2 8 1.28 
12 M. 3" 1210 4 б 1 4] 1.93 
12 M3" 1040 1 6 4 24 2.19 
I2 M. 3" 1210 00 5 3 15 1.84 
I2 мМ. 3" 1290 000 5 2 10 1.60 
16 234" 313225 1 4 3 12 1.10 
20 23/4" [200 3 5 4 20 1.07 
20 M.3" 1200 2 б 3 I8 1.19 


Notes: M = Magnum and * denotes one less pellet in top layer, 
which explains the total number of pellets being one short of the expected 
total. The number of pellets may be less than listed, but will never be more 
because of the space involved. Velocity is taken 3 feet from the muzzle of a 
full choke barrel with a tolerance of + or - 50 Ёр.5. 


Buckshot will normally give better pattern percentages than 
birdshot. Although the problems of distortion from setback forces that affect 
smaller pellets also affect buckshot. Hardened buckshot is an improvement 
and buffering agents can help in some cases. (Setback forces comprise the 
rapid acceleration following ignition. It is normally brought to bear while the 
projectile is still inside the barrel.) 
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BUCKSHOT LOADING 
Half dia. pellets, 2 
each level, much 3 each level 4 each level 
wasted space. 


Not only should pellet loads be patterned, but buckshot loads as 
well. It is the only way that the hunter can determine what is the best for his 
gun in terms of load, range, choke, etc. Normal patterns are tested at 40 
yards, but a clean deer kill with buckshot at 40 yards is not likely; with slugs, 
yes, buckshot, no. Try testing at a more reasonable 25 yards and also at 40 
yards. Remember that the standard 30" circle is much larger than the clean 
kill area on а deer. A 20" circle is closer to the average deers vital arca. 
Some state laws restrict deer hunting to buckshot. Clean kills are still wanted 
but harder to obtain. If a hunter is planning to hunt deer with buckshot he 
should always pattern his shotgun. Patterning may be more important in this 
situation than in most others. 

Contrary to what some hunters believe, a one pellet hit will rarely 
kill a deer. Penetration and shock are required and one buckshot pellet will 
seldom do the job. Three is marginal and five is more probable. While the 
larger pellets, such as 000 have a high striking energy, they also have a 
smaller amount of pellets and are less likely to put any in a vital area, 

Penetration is also à concem. The larger pellets may give a marked 
improvement in depth over the smaller pellets, but once again, fewer hits, 

A good starting point is perhaps 00 buckshot with a modified choke 
at 25 yards. Yours probably will be different and that is why it should be 
tested. 


Note: Ош earlier discussion on lead, steel and bismuth materials in pellet 
construction is a subject that is continually evolving, Therefore, this 
information may be out of date. For the latest information, consult a current 
magazine or if you have access to the Internet, perhaps the website of one of 
the ammunition makers. 
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BUCKSHOT BALLISTICS Compiled from various sources. 


Muzzle Velocity Mid range 
velocity 50 yards trajectory 
Gauge Size fps. f. p.s. in inches 
12-2 3/4" HV&M 00 1325 965 0.9 
12-3" M CH) 1250 940 1.0 
12-3" M 4 1225 870 1.1 
12 ü 1300 945 0.9 
12 I 1250 920 1.0 
12 4 1325 900 1.0 
16 1 1225 910 1.0 
20 3 1200 860 1.1 
TRACERS FOR SHOTGUNS 


The nature of some shotgun shooting is instinctive. In other words, 
just shoulder the gun and shoot. The rifle and handgun sight alignment is a 
luxury not available or beneficial to most shotgunners. A tracer in a shot- 
shell can be a big help in practice and training. 

Most tracers have the nasty habit of starting fires unless used only 
over water. One product on the market claims theirs is safe because it burns 
for such a short time that it will be cool by the time it reaches the ground. 
SLUGS 

The word slug has several meanings (see glossary), but here we are 
concerned only with the soft lead projectile used in shotgun shells. 

Many local and state laws prohibit hunting deer or other large game 
with anything other than slugs. The reason is their limited range makes them 
safer for use in congested areas. Very few hunters would choose slugs for 
hunting if the law did not require it. All except the smallest and weakest 
rifles would be more suitable, and so would many of the higher-powered 
handguns. By more suitable, we are including energy, accuracy, stopping 
ability, and effectiveness al range. 

Conventional slugs are not suitable for game beyond about 75 
yards, Sabot slugs, with proper use, to perhaps 100 yards. Even with a 12 
gauge, longer ranges will usually only wound the game, With a 16 gauge or 
smaller, the effective range will be reduced. 

A slug's maximum range is normally about 810 to 820 yards. Note 
the short effective killing range with a lot of yardage yet to go. The distance 
a bullet or slug is capable of traveling has little to do with its useful range. 
The slug's maximum range is kept low by a low ballistic coefficient. 

Even when elevated upward to about 30°, a rifled slug will have a 
range of about 817 yards. A shotgun zeroed for 75 yards and fired horizontal 
will probably hit the ground at no more than 200 yards. The ricochet, while 
still having a deadly potential, will not go far. The soft lead slug deforms 
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considerably while still in the bore and is further distorted by hitting 
anything. It also has a low striking velocity at any distance. 

Slugs are undersized for the shotgun bore. The standard bore size 
for a 12 gauge is .729" and most slugs for 12 gauge are smaller than , 700" 
and some even less than .685", The rear skirt seals the expanding gas 
pressure in the bore. They must pass through the choke without too much 
restriction. The soft lead and the thin walled base help when needed. A full 
choke can still be used and the slug will squeeze through, if necessary. 

MAXIMUM RANGE OF SLUGS 


Slug Muzzle Maximum. Maximum 
weight Velocity range range 
Gauge шол in Lps in feet in yards 
12 1 1600 2450 817 
16 7/8 1600 2450 817 
20 5/8 1600 2450 817 
A10 1/5 1830 2530 843 


We wish to thank the Sporting Anns and Ammunition 
Manufacturer's Institute for this chart. 


The 12 gauge slug with a muzzle velocity of about 1,600 f p.s. will 
drop to about 950 f p.s. in the first 100 yards. That isn't to say it is safe to 
shoot slugs with homes or people in the near distance. Clean and efficient 
kills on game are one thing; accidents against people and property are 
another 

Rifled slugs have a poor ballistic coefficient and this reduces their 
long range and velocity holding abilities. While the cocfficients will vary, 
they will average about 057, This does not compare well to a handgun or 
rifle projectile. A 12 gauge rifled slug drops 27% of its muzzle velocity in 
the first 50 yards and 41% in 100 yards. The 16 gauge rifled slug drops 28% 
of its muzzle velocity in 50 yards and 34% in 100 yards. The 20 gauge rifled 
slug drops 27% in 50 yards and 41% at 100 yards. The 410 drops 28% of its 
velocity in the first 50 yards and 44% at 100 yards, (This is based on an 
analysis of current Winchester shotgun slug ballistics.) 

Even with a slugs limited ability to make clean kills at beyond 
about 75 yards, that is still the range that most experts believe is best to zero 
a shotgun. Based on an average of most ammunition, a 12-gauge slug from а 
gun with a 1.2" line of sight above the bore centerline would be 1" high at 50 
yards and 3" low at 100 yards. On out to 125 yards it would drop to 8.1" low. 
This is not a bad trajectory, all things considered, but the velocity and energy 
have dropped low enough that à clean kill would be unlikely. At 125 yards, 
energy is only about 46% what it was at 25 yards (not at the muzzle) and 
about 68% of velocity. That is based on a standard 12 gauge rifled slug. 
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The spiral ribs on Foster style slugs help a little in causing the slug 
to rotate or spin, but not much. The gyroscopic effect is very small, The bore 
compresses the grooves, but they still impart a slight rotation that helps to 
improve the groups. The thin skirt at the back creates a hollow base with a 
heavy front end. This keeps the slug in position and prevents tumbling in a 
similar way ав an arrow with the weight at the head. (Of course, the feathers 
add stability, but that is another matter.) 

Tests show that slugs without spiral grooves still hit nose first 
without tumbling. The grooves do have some beneficial effect because the 
slugs with the grooves have a proven better accuracy. 

Tests by several groups, including the National Rifle Association 
and various manufacturers, all agree that for slugs, open-choked barrels are 
significantly better for accuracy. Modified barrels are not as good, but better 
than full choked barrels, which arc last in choice. To put it plainly, the choke 
squeezes the soft lead out of shape too much. 

Winchester- Western conducted tests on slugs and found that a rifled 
slug rotated at one turn in 24 feet of travel, which is about 3,600 r.p.m. 
While that is à slow spin, it still contributes 10 accuracy. The slug, as stated, 
is a nose heavy projectile, sometimes with fins and a slow rotation. The fins 
have a helical angle to help rotation. The effect is similar to a rocket or 
mortar shell that is fin-stabilized. 

SABOT SLUGS 

Sabot is a French word, which is pronounced say-bo or sab-o. 

The sabot slug has a plastic carrier that fits around the slug and then 
falls away in one or two pieces after the slug leaves the barrel. Actually, 
from about 10 to 40 yards down range. (Note: Sabots can damage 
chronograph equipment. Use caution.) The slug's diameter is smaller than 
conventional and due to the plastic protection, the bore does not deform it. 
The plastic shields both the bore and the slug, which can be of a harder 
material because it does not need to be crushed or squeezed by the barrel or 
choke. Muzzle velocity will vary from 1,200 f.p.s. to 1,550 f p.s, depending 
on which company made it and how accurate they are in their claims. 

Down range, the sabot slug holds velocity and energy better than a 
conventional slug. They may, in some loads, leave the muzzle slower but 
will usually be about equal with the standard type at 100 yards. 

An older style slug that would be about .70 caliber will be about ‚50 
caliber in a sabot. It will expand to about .90 caliber. Sabots perform well in 
the few shotguns with rifled barrels and a 1 in 35 twist will give rotation and 
some gyroscopic stability. This is helped by an hour glass shape with a 
hollow base. When used in smoothbore guns, a fair amount of yaw is 
possible because, as with other projectiles, spin is needed for gyroscopic 
stability. An examination of the plastic sabot fired in a rifled barrel 
demonstrates that it does pick up the rifling rather than stripping. 
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Lead slugs can leave lead residue in the bore. The plastic sabot 
prevents this, 

No projectile, or any other body for thal matter, can accelerate 
without being acted upon by a force. When a bullet leaves the muzzle, if it is 
accelerating it may continue to do so for a short distance, a very short 
distance. At which point deceleration begins. A sabot shotgun slug, for 
example, cannot and will not accelerate after it leaves the muzzle and the 
sabot drops away. A few people wrongly believe that it will. 

RECOIL 

Recoil in a shotgun follows the same rules as other firearms. The 
weight of the powder has an effect, as does the weight of the wad. A wad 
that requires less powder to reach standard velocity will reduce recoil as will 
a lighter wad, Chapter 6 has a lot of information on recoil and it would be 
redundant to repeat it here. 

SHELL & CHAMBER LENGTH 

The length of a shotgun shell is considered the length of thc shell 
after firing. That may be a surprise to people new to shotguns. In other 
words, the length after the closed end has been blown open and unfolded, 
The length of an unfired shell is shorter than the length it is named. The 
older rolled crimp and the modem folded crimp both are noticeably longer 
after firing. This open length determines the length of the chamber and the 
length that will be purchased. If bought factory loaded by different 
companies, they may be of slightly different lengths. 

Most modem shotguns made in the U.S. are built for either 23" or 
3" long shells. ‘The .410 is made in 23" or 3". Old guns and some foreign 
weapons may not be standard. 

Factory testing has shown that use of a 3" 12 Eauge shell in a gun 
made for a 22" 12 gauge will cause about a 500 p.s.i. to 1,000 p.s.i. pressure 
increase. About the same increase will be found with a 20 gauge using a 3" 
in a2 3/4", 

The extra 1" in a 410 (23" or 3") means that to fire a 3" shell ina 
23" chamber, the shell has to be forced in with some effort. On firing, the 
pressure increase can be dangerous at 45% to 55% above normal. 
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Never use a shell in a gun that is not made for it, Even if it works 
safely for many shots, it may blow up the firearm on the next one. 
WIND DEFLECTION 

Shot pellets are deflected by a cross wind the same as bullets. The 
larger and heavier pellets are deflected the least and the smaller and lighter 
pellets the most. The same as bullets, the path is a curve leading away from 
the wind direction and getting further off course the longer the range. The 
basic principle of shotguns, that is a pattem of pellets instead of a single 
bullet, makes wind deflection less of a problem when compared to rifles or 
handguns. The shorter distances involved also reduce the problem as 
compared to the other firearm types. Still, under conditions of wind and long 
range, it must be considered. For example, No. 7 or 8 shot can be expected to 
be deflected about 7" or 8" in a 10 mph wind at normal range. A 20-mph 
wind would increase the drift to 14" to 16". That is enough to be a problem. 
The deflection would be more at a higher wind speed, but à wind over 20- 
mph is enough to alert almost any sportsman. 

The same data and mathematical formulas referred to earlier 
also apply for shotguns. 

* Use the formula: D = W {T — Ty) 
Where: D= wind deflection of pellets in fect 
W wind deflection in f.p.s. at right angles to the line of flight 
T= time of flight in seconds in the air 
Ty = time of flight in seconds in a vacuum 
(For Ту, take range in feet and divide by muzzle velocity.) 
VELOCITY NOTES 

The velocity of pellet patterns or slugs do not offer the variety 
available with handgun or rifle ammunition. For example, checking the latest 
Winchester factory chart, it shows centerfire pistol and revolver ammunition 
varying from a low muzzle velocity of 680 f.p.s. for a 32 Smith & Wesson 
to 1,790 f. p.s. for 30 Carbine. (In this example, the .45 Winchester Magnum 
at 1,400 f.p.s. would be a truer representation.) Rifle centerfire ammunition 
varies from a low muzzle velocity of 1,160 f.p.s. for .38-40 Winchester to à 
high of 3,750 р.в. for the 22-250 Remington. And, there is a nice even 
spread between the two extremes. 

Shotgun loads extend from 1,075 f. p.s. to 1,425 f.p.s. for a variation 
of only 350 f.p.s. Slugs run from 1,200 f.p.s. to 1,830 f. p.s. The fast slug is, 
as expected, a .410 although the 12 gauge 3" Magnum at 1,760 f p.s. 15 very 
impressive. 

An interesting fact about velocity for shot pellets is that increasing 
it by 100 f.p.s. will only extend the effective range by about one yard. That is 
correct, one yard. With factory ammunition already at the limit of safe all- 
around peak pressure, greater range is not readily obtainable. 
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Increasing the velocity is difficult, but if it can be accomplished, 
and it will tighten the pattern. How wide the pattern is at any range is a direct 
result of the time of flight, if all other factors stay equal. 

BARREL LENGTH - INFLUENCE ON VELOCITY & PATTERNS 

Barrel length influences velocity in shotguns used with shot pellets 
the same as in rifles and handguns. Long barrels in the vicinity of 30" or 
more have an advantage in pointing and recoil reduction but a disadvantage 
in weight and case. 

Controlled tests of velocity reported in the July 1965 issue of The 
American Rifleman, a publication of The National Rifle Association, showed 
a 28 É.p.s. gain from a 30" barrel to a 36" barrel. In testing all popular gauges 
by cutting off 2" and then measuring the velocity, removing another 2" and 
measure velocity, etc. a very small decrease was noted. The decrease was 
about 7 Ёр.5. per inch in 12 gauge, 16 gauge, and 20 gauge. The 410 was a 
little more at 12 Ёр.ѕ. per inch of barrel removed. The drop was about the 
same at 28" as it was at 20" (linear). This is so small a change that it can be 
ignored. 

12 gauge 21" slugs fired in a 30" barrel test at 1,600 f. p.s. and 2,488 
fL. Ibs. of muzzle energy. In а shorter barrel of 20" length, the figures are 
about 1,500 f£ p.s. and 2,070 ft. 165. In this case, the velocity loss is exactly 
10 f.p.s. per inch. As above, it is also so small a change it can be ignored. 

The barrel length does not change the shot pattern as expected. In 
fact, testing has shown that even extra long barrels, as the 36-inch barrel on 
the Marlin Model 55, do not tighten the pattern. The primary authority is the 
choke. There are several reasons that a long barrel would seem to ti ghten the 
pattern, one being the longer guidance and another is the lower gas pressure 
at the muzzle, but testing does not prove this theory. Investigation has shown 
no connection between pattern and barrel length, at least in the lengths that 
are considered normal and legal. 

Long barrels are good for pointing, swing, the follow-through, and 
the muzzle blast is less because it moves the noise farther away from the 
shooter's face. They are also cumbersome, heavier, and swing slower, Short 
barrels are faster, easier to point, and lighter. It all boils down to handling 
qualities and personal preference, The longer barrel helps very little from a 
ballistic point of view. The difference in barrel length is not as important às 
was believed at one time, Readers who have followed the subject will notice 
that this is similar to results with rifles and handguns. Barrel lengths make a 
difference, but not as much as was once believed, 

VELOCITY READINGS BY CHRONOGRAPH 

Home chronographs to determine projectile velocity are now both 
cheap and accurate. For shot-shell velocities it is still very difficult for any 
but a large company or government agency. Rather than a single bullet, the 
shotgun pellets are numerous, They can move together ш a cloud, which can 
be all bunched up together or strung out in a line or spread out in about any 
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configuration possible, While many of these patterns are not desired, they 
must be recognized and checked, Special high-speed photography with 
velocity measurement can be used, 

Some chronographs can be used to take a reading on the center of 
the mass, which can be considered the velocity of the entire shot charge. 
Although recent testing by The University College London Ballistics 
Research Laboratory has shown lower velocities toward the rear of a shot 
string. Best results are found by placing the first screen 1} feet from the 
muzzle and the second at 44 feet from the muzzle, This obtains a 3-foot 
reading. 

Protection may be required for the frames as the pattern may be 
larger than expected. Some amateur tests are successful with shot patterns, 
but many are not. With bullets, the use of proper equipment and proper 
procedures will guarantee good results. Unfortunately, this is not true with a 
charge of pellets. 

A shot string can have a few pellets that, for reasons unknown, may 
be ahead of the pattem. They can cause an error, usually on the high side. As 
you have seen and heard many times, follow the chronograph manufacture's 
directions. 

TEMPERATURE EFFECTS 

High air temperature gives a closer pattern because the air is thinner 
and offers less air resistance. High altitude has about the same effect with the 
velocity also higher and with more energy and penetration. Not by much, but 
enough an observant person can tell if an examination is made. 

As would be expected, cold temperature has the opposite effect. 
Temperature influences on shotgun shells are well known and basic. Shotgun 
shells lose some velocity in the cold. The temperature for proper ignition is 
harder to reach and the chamber pressure is lower. Winchester has conducted 
tests that show chamber pressures at 0° Е. are lower by 700 p.si. to 1,000 
p.&i as compared to 70" F. Velocities are also lower by 50 to 100 fps, 
These are just average rounded-off figures and each shell will be different as 
will each temperature, but the picture is clear. Lower temperature. means 
lower pressure and lower velocity. Besides ignition, resistance by denser air 
and other factors are involved. 

U.S. Army testing demonstrated a velocity loss of from 5% to 8*6 at 
-40" F, For readers who are not inclined to mathematics, 8% of 1300 f p.s. 
would be 104 fip.s. which would leave a velocity of 1,196 f p.s. This is a 
small loss at a very low temperature. In the normal winter temperatures that 
most people would hunt or shoot trap or skeet, the velocity drop would be 
less and could be disregarded. 

Generally, patterns are slightly tighter with closer pellet distribution 
in the colder weather. This effect has been both casually noticed and 
properly tested. The reason is not as clear. Many experimenters believe that 
less pressure reduces the setback (pellet deformation) This is discussed 
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elsewhere in this book, and is usually taken as the theory behind cold 
weather patterns being better. More testing needs to be done at cold 
temperature with shot of different hardness and deforming characteristics, 
SWAMPED BARRELS 

A swamped barrel is a barrel where the outside diameter is larger at 
the muzzle end than for the remainder. The amount will vary from 008" to 
020" on the diameter and 3" to 9" on length. Used mostly on top quality 
shotguns, such as Holland & Holland Lid., its purpose is to enhance the 
appearance. There would be little ballistic benefit, except for the negligible 
extra weight at the muzzle. 
FORCING CONE 

The forcing cone is the area forward of the chamber that is reduced 
down to the bore diameter li is tapered somewhat like a shallow funnel and 
helps the transition of the shot charge into the barrel. The idea is to not 
deform the pellets while they make the transition into the bore. 


The length of the forcing cone is important. If it is too short it fails 
to do the intended job. The pellets will be mashed and jammed together. 
Pellet damage, poor patterns and flyers will be the certain result. Also 
slightly higher chamber pressure. Many people believe there is increased 
recoil from a short forcing cone. They are correct in their physics but in error 
with their terminology. This is unimportant as long as both people in a 
conversation have a meeting of the minds, In this book, we must be as 
accurate as possible. As explained in detail in Chapter 6, there is a difference 
between recoil and the felt kick. The forcing cone length will not affect 
actual recoil, but the felt kick may be harder with a short and abrupt forcing 
cone. 

| If it is too long, it permits the hot gas to leak into the shot and 
disrupt the pattem, The velocity will be lower and so will the energy. 

Notice the forcing cone is not designated in terms of degree of taper 
or as an angle, but as a length. The longer the length, the shallower the angle 
and the smaller number of degrees involved, A half an inch (1") is generally 
considered the shortest. Two and a half inches (21") would be a long forcing 
cone. 
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Manufacturers vary in their opinion of the best length, but all are 
usually short to moderate. In cheap guns, the surface is sometimes very 
rough and a little polishing may improve the performance. Some experts 
believe that many guns - actually the patterns - can be improved by 
lengthening the forcing cone. This probably is true, but considering that it is 
an action that once done, is almost impossible to reverse, caution is urged so 
consult an expert. (This book does not want to be in a position of 
recommending any firm or product, so the following is included for 
academic purposes only. Walker Arms in Selma, Alabama is nationally 
known for work in this area. Brownell's, Inc., of Montezuma, Iowa, a 
gunsmith supply firm, sells the reamers along with instructions. Both 
companies are well known and have an excellent reputation.) 

A similar area in a rifle is frequently called a forcing cone. Note 
that it is only similar, not the same. It is more correctly called à throat or 
leade. The term forcing cone is used incorrectly for any firearm other than a 
shotgun. 

SLUG & PELLET TRAJECTORIES TOGETHER? 

Although there is an opinion to the contrary, most shotguns will 
shoot to about the same point with both pellet charges and slugs. All guns 
are not alike, so testing will tell if one meets these criteria. If a study of both 
pellet and slug ballistic tables is undertaken, it can be seen why most guns 
will shoot both slugs and pellets together. They both have similar ballistics at 
the short to moderate ranges where a shotgun is used. 

SHOT PENETRATION 

It is sometimes believed that a small shot pellet will penetrate 
deeper than a larger pellet because it presents less area of resistance. This is 
not true, although it may seem lagical. However a cannon ball will certainly 
penetrate deeper than any size shot pellet. The smaller pellets would require 
an outside force helping to push them in, if they were to be equal to a larger 
T Area and weight are the controlling factors, if the velocities are 
equal. The weight of spheres of the same substance will be to cach other as 
the cubes of their diameters, although the areas they present will be only as 
the squares of their diameters. With the available force varying as the 
diameter cubed, and the resistance varying only as the diameter squared, it is 
evident that the penetration will be as D^ divided by I* which equals D itself. 
Consequently, penetration goes up in relationship with the diameter of the 
shot or ball. All that gobbledegook says, as we see here and from other areas 
of firearm ballistics, large spheres hold their velocity better than. smaller 
spheres, other things equal. 

MATHEMATICS р 

For the readers who are interested in the formulas associated with 
shotgun ballistics, the following is presented. Basically, it is similar to other 
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areas of this book with some necessary changes. While all the rules are still 
the same, a few subject areas are looked at differently, 

Pellets are like bullets in their need for energy. Light small pellets 
may give a higher hit count in а given area (pattern) but not have enough 
penetration. Most shells give about the same velacity so the pellet size is the 
deciding factor. 

Very heavy drag on shot pellets cut their range in comparison to 
bullets. There is no design to cut drag as in rifle and handgun bullets and 
even, їй some extent, slugs. Technically, the ballistic coefficient is based on 
only the diameter because of the all-over round shape. The sectional area of 
shot is proportional to the diameter squared ( 2° ) and the weight to the 
diameter cubed ( 2^ ). Simplified, that means if one shot size has twice the 
diameter of another, its frontal area is 4 times as big, and its weight will be 8 
times heavier. In part, this is the reason that shot is strongly affected by a 
head or а tail wind. Range can be increased or cut by as much as 15% in a 
direct 10-mph wind and 3054 in а 20-mph wind. These figures may appear 
unusual, but they can happen and show the caution that should be used, 
especially if shooting with a tail wind toward a populated area. 

This book is on ballistics, not safety, but this is a good place to 
remind the reader that the two go together. A shooter with a good 
knowledge of ballistics can be safer as well as more accurate. 

* Ballistics coefficients are explained in detail in Chapter 14 and they 
can be found easily for shot pellets with a simplified formula. 

C=wlid 
Where: C = ballistic coefficient 

w * pellet's weight in pounds 

d= pellet's diameter in inches 

i — pellet's form factor 

The shape of undamaged pellets is always spherical, so their 

sectional density, governed by the weight and diameter, is the important 
ingredient. 
+ For pellet weight, as required in the ballistic coefficient formula, the 
charts tell how many pellets to the ounce. Take this times 16 for number per 
Ib. Divide this number into 1. Example: No 4 shot has 135 pellets to the 
ounce times 16 = 2,160, 1 divided by 2,160 = 0004629 Ibs. for each pellet. 

The information and math can be very helpful to anyone interested 
in ballistics. It also is both easy and practical. 

* The Ingalls-Sciacci method for retardation of a projectile was 
universally used by ballisticians up to WW I. It is still seen in some 
textbooks, but has generally been discarded. It was found that any such mean 
value method was inadequate. | 

* .. Lead (not the metal) is the extra amount а gun is pointed ahead of a 
moving target, The objective is for the shot pattern (or bullet) to arrive at a 
given point at the same time as the target, which could be a bird, rabbit, clay 
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target, etc. It is not necessary to go into details of sustained lead and swing 
through, eic. as that is technique, not ballistics. 

This formula will determine the lead for a shot pattern where the 
target is crossing directly right to left or left to right at an angle of 90" to the 
gun. Wind correction and trajectory are not considered. (Of course, it is not 
practical to figure this in the field, it is given, as is the other math, for 
academic purposes.) 

L= TV*PT 
Where: L = lead in inches 

TV = Target velocity in inches per sec. 
PT = Pellets flight time for distance in fraction of a second. 

Notes: To find PT, it is necessary to know or calculate the 
projectile's median velocity at the range involved. Lead in inches can be 
changed to feet by dividing by 12. Miles per hour * 1.467 gives feet per 
sec. * 12 for inches per sec. 


FULL LIST of GAUGES in INCHES 


A 2.000 B .835 28 .550 48 459 
B 1.933 о 803 20 .543 49 456 
C L875 10 .775 30 537 50 453 
D 1.813 11 731 32. .531 51.05 450 
Е 1750 12 .725 32. .526 5461 .440 
Е 1.658 13 .710 33 .520 58.50 .430 
l(one) 1.669 14 .693 34 .575 62.78 420 
H 1.625 15 .677 35 1510 6749  .410 
J 1.563 16 .665 36 .506 72.68 .400 
К 1.500 [7 .649 37 .501 78.41  .390 
L 1.438 18 .637 38 .497 8477 380 
M 1375 19 .626 39 .492 91.83  .370 
2 1.325 20 .615 40 488 99,70  .360 
0 1.313 21 .605 4] .484 10849 350 
Р 1250 22 .595 42 480 118.35  .340 
3 1.157 23 .587 43 476 12943  .330 
4 1.052 24 .579 44 473 141.95 320 
5 976 25 .57] 45 469 156.14 310 
6 919 26 .503 46 466 172.28 .300 
7 873 27 .556 47 463 


The above chart is from the 1868 British Gun Barrel Proof Act. It is 
still in use in the U. $ Note: The U. 5. considers these numbers as the 
minimum with а tolerance of plus 020". Example: the 20 gauge сап be from 
615" to 635," Other than the shift in method at # 50, any variation between 
this list and others is caused by a lack of agreement on what the diameter 
should be. It can be carried on down to .220, which is 436.85. 
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The chart of gauges became practical after the discovery of methods 
lo accurately measure sizes. Before this time, it was common to measure a 
gun bore by the weight of the ball that would fit the opening. This was 
frequently used for both shotguns and smooth bore rifles and pistols. | 

Ае time this gauge system came into use, lead was believed to 
have a density of 41058 lbs. per cubic inch. Today, the figure is considered 
to be 4097 Ibs, per cubic inch. As you can easily imagine, the change is so 
small it can be overlooked. The original formula is gauge = 4.6516 / D° and 
It now is gauge = 4.6616 / D° where D = bore diameter in both formulas. 
(Author's note: | am happy to once again thank Mr. William C. Davis of 
Tioga Engineering Co. and The American Rifleman.) 

Readers afraid of mathematics can relax, as that is easier than it 
looks. Simply divide the diameter cubed (Take the diameter times itself and 
that answer times the diameter again.) into 4.6516. For example, a .583 bore 
would be 4.6516 + 19815 = 23.475 gauge. This is about 234 gauge, which 
matches the chart if we interpolate between 23 gauge and 24 gauge. 

The bore measurement is made 9" down the barrel from the breech 
end. This follows a British plan established long ago. Some types of 
shotguns cant be checked in this location without great difficulty, A 
measurement from the muzzle end can be used if it is in far enough that it is 
away from any choke that may be present, 


— RIFLED & SABOT SLUG TRAJECTORY TABLE 
An excerpt from the Winchester Ammunition Product Guide, 1994 


Muzzle Slug Trajectory height in inches 
velocity weight Slug for range in yards 


Gauge fips. ozs. type 25 50 75 100 125 
12 1,550 | sabt 07 17 l6 00 -3.2 


12 1,300 | sabot 14 28 24 00 -4.7 
12 1450 | зам 09 22 19 00 -3.8 
IZ 1200 | sabt [8 32 27 00 EN 
20 1400 & sabt 12 25 22 00 -44 
12 1760 1 red 02 09  -15 46 .97 
12 1600 1 пй 04 (00  .19 .59 121 
20 1,500 1 nfed 03 00  -20 .59 121 
l6 1,600 f fifled 04 00 20 <9 7] 
410 1,830 1 тїй 03 00  .19 sg - 12.0 
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NUMBER OF PELLETS IN A STANDARD CHARGE 


Shot Lead Lead Lead Steel 
size 202 loz lloz 10. 


9 439 585 731 
8 308 410 512 
71 263 350 438 
6 169 225 281 316 
5 128 170 23213 243 
4 101 135 169 191 
2 88 125 
l 103 
CHOKES 
ITHACA PRIOR TO 1941 CHARLES DALY 
No. 0 - cylinder + full 
No. | - improved cylinder +- modified 
No. 2 - modified choke ++ improved cylinder 
No. 3 - improved modified choke +H- improved modified 
No. 4 - full choke ss skeet 
GERMAN SYSTEM 
Old German shotguns are marked in the obsolete Teschner method. 
Teschner Gauge Teschner Gauge 
0 10 5 18 
1 12 6 20 
3 14 7 24 
4 16 8 28 
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CHAPTER 22 


HANDGUNS 


This section covers only the ballistic points that are different from 
other firearms. Most technical items are the same, and why not? But, there 
are still a few ballistic problems that are unique to handguns. The shorter 
barrel removes some problems and creates new ones. And while the ranges 
аге less, they are longer than they were in past years. 

Handguns are now in common use for hunting at ranges up to 100 
yards and beyond. Ballistic tables can help in sight-in and preparing for that 
distance. Although not as valuable to hand-gunners as rifleman, the tables 
can be a benefit even at the shorter ranges. A handgun should be test fired to 
zero at a suitable range and then tested at 25, 50, 75, and 100 yards. This will 
show the owner what to expect at these ranges and tell him if à change in 
zero is required. Most guns and calibers used for hunting will strike close at 
all ranges if the sights are properly adjusted. It may not be fun to fire a hard- 
kicking handgun 5 or 10 times at each of 4 or 5 separate ranges, but if the 
weapon is difficult and hard to control, perhaps the shooter should consider 
using а different or less powerful firearm. 

LOADS AND TRAJECTORIES 

Many people believe false information about handgun trajectories, 
Incorrect dala and misunderstandings are common. Therefore, an 
explanation is in order, 

All else being equal, а handgun will shoot lower on the target 
with light loads and higher with heavy loads no matter the velocities. At 
first thought, that may sound backwards and that may bc the reason for thc 
confusion, Mevertheless, it is à correct statement. The reason is involved 
with barrel jump and gun movement as discussed in interior ballistics, (See 
Chapter 5.) Trajectory drop is not included because of the short distances. 

There are two main reasons for this phenomenon. The barrel jumps 
up from recoil as the gun is fired. This jump begins the instant the bullet 
staris to move out of the case. A decent amount of the muzzle jump is while 
the bullet is still in the barrel and moving toward the muzzle. The sights are 
set (see skefeh) so the barrel is pointed below the intended impact point at 
the time of firing. The muzzle jumps and the bullet leaves the barrel as the 
barrel comes up past the proper point. 

Lf two bullets are fired at the same velocities, but one is much 
heavier than the other is, the recoil will be heavier for the heavier bullet. 
With the same velocities, they will reach the muzzle al the same time, but 
with а heavier kick and jump, the heavier bullet departs with the barrel at a 
higher angle. The impact is, therefore. higher. 
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If we add powder behind the lighter bullet so the jump from recoil 
is the same as the heavier bullet, will it now hit at the same point? No, 
because the lighter bullet now has increased velocity as well as increased 
recoil. It will now move down the barrel faster and exit the muzzle while it is 
al a lower angle. The lighter bullet will again impact the target lower. The 
two are equalizing in that the low-velocity bullet and the high-velocity 
bullet, if the weight is the same, will impact at about the same place. But, a 
change in bullet weight will change the impact point regardless of the 
velocity. 

Therefore, the two reasons are the heavier recoil of the heavier 
bullet, which raises the barrel higher, and the slower acceleration, which will 
keep it in the barrel longer. The two combine to make it leave at a higher 
elevation. With some gun and ammunition combinations, the difference 
between heavy and light bullet weights can be large. As much as 10" at 25 
yards. 

Well known ballistics expert and author, General. J. 5. Hatcher, 
conducted some early experiments, which confirmed this viewpoint. 

It is noteworthy that this effect is different in rifles because 
handguns have more jump and the longer rifle barrels go through much 
bending and flexing. Refer, if you wish, to the internal ballistics section. (See 
Chapter 5.) 


HIGH FRONT SIGHT ON MOST HANDGUNS 


TYPICAL HANDGUN TRAJECTORY 


trajectory line of sight 


exaggerated for clarity original position hefore jump 
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HAND GUN SIGHTS 

Some handguns, such as the Colt 45 caliber revolver, have the front 
sight higher than the rear sight so the gun is pointed below the strike point. 
The reason is recoil and muzzle jump, The recoil brings the barrel up so that 
by the time the bullet is leaving the muzzle, the barrel is on the proper line. 
Generally, the heavier the bullet, the more this effect. Trial and error testing 
is the only way to establish how the sights should be set. 

SIGHT CHOICE, FIXED OR ADJUSTABLE 

While adjustable sights are necessary for target shooting and 
hunting, for self-defense they can be a hindrance. There are 3 points to 
consider. (1) Most defensive shooting is done at short range where very 
exact sight adjustment is nat necessary. (2) Also, as any police officer with 
combat experience will relate, in the heat of a firefight, few people take time 
to properly align the sights. (3) Perhaps most important, any sight that can be 
adjusted can accidentally become unadjusted, In reference to number two, 
we should all try to remember, even under stress, that the only shots that do 
any good are the ones that hit their intended place. Shot placement is not just 
important, it is vital. 

FIXED-SIGHT ADJUSTMENT 

Sight adjustment on handguns can be easy if adjustable sights are 
installed. If permanent sights are used, several methods are available. Filing 
away a small amount from one side of the front sight or adding metal to it is 
one option, Widening the rear sight notch on one side or the other is also 
frequently done. Whatever method is used, two rules must he followed. First, 
be extremely careful and think out your action before starting. Adjustable 
sights can be simply readjusted. Metal removed is difficult to replace. 
Second, the short barrel on most handguns means that a small change in the 
sights will cause a big change in the point of impact, Take off very little and 
then test it. Following both rules can prevent an unpleasant surprise. 

Moving the front sight the direction the impact is off may solve a 
right or left correction. In other words, if the bullet strikes too far to the right, 
the front sight should be moved right. Another way of saying il, move the 
front sight in the opposite way the strike point should move. 

Elevation adjustments on fixed sighis can be accomplished by 
carefully filing on the front sight to raise the impact point. If the impact point 
should be lowered, the front sight will have to be changed. It is a lot of work, 
but metal can be added to it, Also the rear sight can be modified. None of 
these methods arc easy, and on some types of sights, it will be very difficult. 
It still will be worth the trouble. 

ADJUSTABLE SIGHT ADJUSTMENT 

An adjustable rear sight is moved to the lelt to move the hits on the 
target to the left. As expected, a right move of the sight moves the hits to the 
right. If the rear sight is raised, the larget hits will be raised. The front sight 
movements change the hits in the opposite direction as the si gli is moved. 
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BALLISTIC DATA 
FOR MODEL 1911 PISTOL CAL. .45 ACP -230 GR. BULLET. 
DATA FROM U. 5. ORDNANCE DEPT. | 
(Inst. Velocity at 25 ft. = 800 f. p. s. - Elevation 0°) 


Range Time of Flight Drop Left Drift 
in in in in 
yards seconds inches inches 
i 018 0.1 0.0 
10 037 0.3 0.1 
15 056 0.6 01 
20 075 1.1 0.2 
25 094 1.7 0.2 
30 113 24 0.3 
35 132 3,3 0.3 
40 151 44 0.4 
45 .170 5.6 0.5 
50 .190 6.9 0.6 
55 209 8.3 0.7 
60 229 9.9 0.8 
65 248 12.0 0.9 
70 268 14.0 1.0 
75 288 16.0 1.1 
50 308 18.0 1.3 
85 328 20.0 1.5 
90 .348 23.0 1.7 
95 .368 25.0 1.8 
100 -388 28.0 2.0 
TRAJECTORY 


The bullet's trajectory will be the same as a rifle and cross the line 
of sight after flying up to meet it. 

The sights are adjusted to get hits at a set range and the bullet will 
cross the line of sight from below because it leaves the muzzle from below. 
At very close range, the aim should be a little high. All guns are different, 
but a good average for the crossing point would be about 15 feet down 
range. Very accurate short range shooting, such as a snake's head at 6 feet, 
will require aiming a little high. Try it and see how your favorite handgun 
shoots at very short range. It won't be much higher, but that diamond-back 
rattler may need a darned good hit with the first shot. 

The sights and the sight line are higher than the bore and this 
creates an angle where the bullet's flight path and the sight line intersect. 
This angle is more acute at the longer ranges. At rifle ranges, it is not 
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considered. At short range, the barrel is aimed higher and creates a larger 
angle between the sight line and the projectile's path. A handgun zeroed at 40 
yards will shoot low at 10 yards. If zeroed at 10 yards, it will shoot high at 
40. yards. (If all else is equal.) For extreme accuracy at short range, a 
handgun has to be zeroed for the exact range involved or an adjustment 
made based on practical testing. 
BARKEL LENGTH & VELOCITY 

There have been literally hundreds of tests to determine velocity 
differences with various barrel lengths. They all show there is a definite loss 
in velocity with a shorter barrel, but it is a small amount. Testing of a .38 
Special with a 158-grain bullet showed a velocity drop that increased as the 
barrel got shorter. The drop from 8" to 7" caused a typical 10 E p.s. decline. 

One test was conducted hy the National Rifle Association and 
reported in The American Rifleman, They used a Smith & Wesson .357 
Magnum and showed an average drop of 14 fp.s. per inch of barrel 
removed. The drop was slightly less at the longer lengths (7" or 8") and more 
at the shorter lengths (around 2"). This is typical of most testing. With some 
guns and calibers, the drop is higher than average. 


The following velocities were measured at 20 feet from the muzzle 
of a 44 Remington Magnum revolver. The same gun was used each time 
with an inch removed. The ammunition was 240-grain. Ten rounds were 
fired al each length with the average listed. 

Barrel length Velocity (f.p.s.) 


8" 1515 
te 1465 
б" 1420 
= 1380 
4" 1310 
ay 1235 
a 1105 
1" 987 


—— — 


While testing typically gives answers in velocity readings, the 
velocity directly influences energy (or power, if you prefer that word), 

While a change in barrel length alters velocity, it is more noticeable 
with handguns than with rifles because of the rifles higher velocity. 
Handgun velocity is greatly affected by even small changes in barrel length. 
No two will be alike, but compared to rifles: there will generally be a two or 
three times greater change for an equal variation in length. 

The longer barrels not only have a longer sight radius and are 
therefore easier to accurately aim, but also obtain higher velocity. (Up toa 
point.) The added weight of the longer barrel also helps in balance and 
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muzzle rise. The velocity increase is small and may not be worth the 
increased weight and size. As with many things, a compromise is called for. 

With some cartridges and fast-burning powder, a barrel as short as 
б" is the longest for maximum velocity. For normal use, the maximum barrel 
length is about 9" and the only advantage to extending it longer is the 
increased sight radius and the public image. 

Barrel length in а semi-automatic pistol includes the chamber while 
in a revolver, the cylinder, which holds the cartridge, is behind or extra from 
the barrel. This must be considered in any calculations. The gap, however 
small, between the cylinder and the barrel and the larger than bore diameter 
of the cylinder will reduce the effect somewhat and must be considered. 
Also, even in the best factories, no two guns will be identical, and after 
repeated use, the difference will be enhanced. Many companies, 
organizations, and hobbyists have done testing on this subject. Velocity 
testing on handguns of the same barrel length can vary by a large amount. 
200 fps. is not unusual although the normal will be between 20 Eps. and 
135 f. p.s. 

RIFLING 

There is a long discussion on this subject in Chapter 12. Here, it is 
only necessary to say that handguns frequently have rifling with a faster 
twist than rifles of the same caliber. The reason is the lower velocity usually 
found in handgun ballistics. To give a bullet proper gyroscopic stability, it 
must rotate a required number of revolutions per second. With the handguns 
lower velocity, it travels at fewer feet per second thàn a rifle bullet of the 
same caliber, so it must rotate faster. (It must be noted that this is an old 
theory that is not always followed today.) 

Mast U.S. made handguns have a right hand twist, Exceptions arc 
Colt guns, which use a left-hand twist. The mumber of grooves varies, 
usually between 4 and 8. The depth of the grooves will be between .0035" to 
1005". (31 to 5 thousandths of an inch) 

Most .22 caliber handguns use 14 to 16 inches per turn, with 12 as 
an exception. .38 caliber revolvers are 16 to 183. 45 ACP semi-autos are 14 
to 16. Most .44 calibers have a 16 or 20 twist. As you сап see, the experience 
and thoughts of the different manufacturers arrive at different results. 

LONG RANGE SHOOTING 

Mot all handguns are suitable for long distance shooting, but some 
can do a surprisingly good job. Even short barrel handguns can be excellent 
with both accuracy and repeatability. The correct twist is important to give 
the bullet gyroscopic stability. 

A few expert handgun marksman, such as Ed McGivern and others, 
have recorded excellent shooting out as far as 600 yards; even keeping all 
hits in a man size silhouette at that range. While it is true that few people can 
do this, it can be done with the proper gun and ammo combination and a lot 
of practice and skill. 
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REVOLVERS ; 

In a revolver, the gap between the barrel and the cylinder causes a 
loss of pressure and velocity, which can reduce the advantage of longer 
barrels. Of course the gap can vary а great amount from one revolver to the 
next. The gap can even cause injury, The hot gas will have tiny particles of 
powder and frequently will include slivers of bullet material. The gas and 
lightweight bullet particles accelerate and escape at a higher velocity than the 
heavier bullet but they cannot maintain speed for any distance. 

The gap produces a common fault with some movies and TV 
shows. Although not as common now as in the past, viewers frequently saw 
а revolver with a silencer on the muzzle. Revolvers cannot be effectively 
silenced, The gas escaping from the gap will not only influence velocity; it 
also makes a noise, 

The amount of velocity reduction with a pap increase was measured 
ш 1940 at the Rock Island Arsenal on à Smith & Wesson M1917 revolver in 
43 caliber. Each gap increase of .005" caused a velocity drop, on the 
average, of about 25 fp.s. While this is à small amount, it was also 
accompanied by less accuracy, 

Wrapping tape around the area and observing any cuts or damage is 
an easy method of testing a revolver's gap. Of course it may be slightly 
different with each chamber and can be unexpectedly worse on occasion. 

Each chamber influences revolver accuracy. It is not unusual for à 
revolver to have better accuracy with some chambers than with others. In a 
perfect world, they would all line up with the barrel properly, be straight and 
of the proper size and with no burrs or errors. It is said that all men are 
created equal. Thal may or may not be truc, but all chambers are definitely 
not equal. 

The holes in revolver cylinders are normally a little larger than the 
groove diameter of the barrel. A cast bullet will instantly expand to this size, 
(Not quite, of course, but it appears so.) As the bullet jumps the gap from the 
mouth of the cylinder into the barrel, it is mushroomed or expanded a small 
amount by the hot expanding gas. This larger area at the bullet's base lasts 
for just a tiny fraction of a second before it is swaged into the rifling of the 
barrel. Hand-loaders will get the best results with bullets the size of the 
smallest cylinder hole. Yes, the smallest They frequently will vary in size by 
à small amount and the cheaper the gun, the wider the tolerances in 
manufacturing. 

The bolt notches on a revolver are the odd shaped openings on the 
outside of the cylinder. The locking piece (bolt) engages in this to hold the 
cylinder in place so it will not rotate until required, On six shot revolvers, 
this notch is placed over the chambers, which is the thinnest and weakest 
location, Five shot revolvers have the notch between the chambers where 
there is more steel and therefore more strength. In many examples, this will 


résult in а firearm that can withstand higher internal pressure, Caution is 
advised when hand-loading to any amount higher than normal. 

All older revolvers require the gun to be carried with an empty 
chamber under the hammer, This is basic safety and while it reduced a six 
shot handgun to a five shot, it prevented accidental discharges. Most modern 
guns have internal safety mechanisms that prevent the gun from accidental 
firing, even if the hammer is struck a hard blow. Therefore, most modern 
revolvers can be carried with the hammer down on a loaded cylinder. It is 
still an unsafe practice to carry a revolver with the hammer in half-cock as 
the notch can wear down and be incapable of holding up the hammer. No 
specific vear was given to indicate the difference between modern and early 
because all companies changed to safer features at different times. Also, 
some older revolvers, particularly most Rugers, have been modified to newer 
standards, If you are not certain about the condition of a revolver, consult a 
competent gunsmith. 

SEMI-AUTOMATIC PISTOLS 

Semi-automatic pistols do not have the gas loss of revolvers so the 
maximum barre! length for highest velocity is figured like a rifle and based 
on bullet size, bullet weight, powder weight, powder characteristics, and 
several other factors. Of course, there is still a practical length that 
overshadows the desire for velocity. 

Technically, the semi-auto should be more accurate than the 
revolver because the barrel and chamber are made in one piece. There 15 no 
gap and more important, no potential alignment problem between the barrel 
and cylinder. The top quality revolvers by 5 & W and Colt are aligned 
perfectly when new, and are therefore, hard to beat. Semi-autos are always 
made a little loose to guarantee that they will always function. The revolver 
problems are overcome by precision manufacturing and the semi-auto 
advantage is lost through the need to add some inherent looseness. They tend 
to cancel each other out. So far as accuracy is concerned, most will be about 


equal. 
COMPARISON OF REVOLVER VS. SEMI-AUTOMATIC 

A revolver can be used with either hand in both single action and 
double action. They will handle any load, both light and heavy, up to their 
maximum peak pressure. Semi-automatics are made to fire bullets with 
weights and pressures within a small range. This is controlled by the recoil 
spring. For the most part, revolvers can operate in extremes of temperature 
and dust, dirt and mud that would jam many semi-autos. The revolver is 
safer for used by inexperienced people. It has a disadvantage in the 
requirement that the chambers must align properly with the barrel compared 
to the semi-auto where they are together in one piece. 

The semi-auto will usually carry a large amount af cartridges and 
can be reloaded faster with a clip. (Although an expert with a speed-loader 
can load a revolver faster than most people would expect.) A bad cartridge 
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сап jam a semi-auto and two hands are needed to clear it, Some semi-autos 
will not fire if the opponent is close enough (and cool enough) to press the 
forward end back out of battery. 

The semi-auto will fire faster. The revolver, even when triggered 
fast by ап expert, cannot fire as fast as a semi-auto, The wait for ап 
automatic's slide to cycle is a myth, Have you ever seen a semi-auto 
malfunction and fire full auto? A short, quick spurt and the magazine is 
empty. A revolver shooter has to wait for the trigger to return forward. To 
some readers, the word wait may seem incorrect, but to an experienced 
expert, it is sensible. 

The safety on a semi-auto can work both for and against its owner. 
If it is forgotten in an emergency, then the weapon may not бге when 
needed. If the gun is taken away and turned against him or her, the opponent 
can forget the safety or not know how to release it. This may save the owners 
life, Also, the owner can forget the safety after firing when it should be 
applied once again, The answer is obvious. If you own a semi-auto, practice 
with the safety, both removal and applying, so that it becomes a trained 
response. In other words, second nature: habit. 

PLUS "P" AMMUNITION 

Plus "P" (+ P ) loads are cartridges loaded to higher pressure for 
higher velocities. The normal .38 Special has a maximum chamber pressure 
of 18,900 СОР. (Copper Units of Pressure). + P loads are made up to 
21,900 C.U.P. Many shooters don't believe the increased noise and recoil is 
worth the small increase in velocity. The biggest improvement is in the short 
barreled revolvers ( 2" ) where the standard charge doesn't have the time to 
build velocity. The extra push amounts to about 145 fp.s. in a .38 with a 2" 
barrel. A six inch barrel will deliver more velocity without + P and will be 
helped by about one third as much. 

Some shooters believe + P ammunition ina 38 makes their gun like 
а .357 Magnum, The maximum + P pressure is, as stated, 21,900 САР. The 
-357 Magnum is 46,900 CUP. This gives a velocity increase of about 350 
f.p.s. for the same bullet weight. 

+ P ammo is better than the regular 38 Special ammo. If the gun 
can safely handle the pressure, fine, but don't expect too much. 

.22 CALIBER 

A .22 caliber handgun with a short barrel will not obtain much 
benefit from the use of cartridges that produce a high velocity such as the 
CCI Stinger. High velocity cartridges of this type are wonderful in a firearm 
that can use their potential but they require a much longer barrel to reach 
their peak pressure and velocity. The little 22 short cartridge will sometimes 
have a higher velocity in a barrel as short as 2", (See barrel length and 
expansion ratio in Chapter 9.) 


326 


BARREL FLEX 

Barrel flex and vibration are not limited to rifles. Even handguns 
are affected and that is further proof of the phenomena. Individuals, private 
laboratories, and the U. 5. Military have conducted numerous tests. This is 
usually done with a machine rest holding the gun 10 ensure precision and 
prevent variations caused by the shooter, 

First, we need 10 realize that among semi-automatic 22 caliber 
target pistols, there are different barrel types in common use. Both the non- 
circular and the very heavy bull barrels have enough strength to prevent most 
flexing. A small diameter round barrel is more springy. Also, a long barrel, if 
it is flexible, will flex more. All of these statements sound logical and 
sensible and the tests show them to be true, 

Guns of equal barrel length shoot tighter and more accurate groups 
if the barrels are stiffer. Weights attached to the front of flexible barrels 
helped to increase accuracy as a direct result of reducing flex. The weights 
can improve a flexible barrel to about the level of a stiff barrel, if it is done 
properly. A few counterweighing methods do not increase stiffness and 
therefore, they do not increase accuracy. Most help by improved rigidity and 
mechanical dampening of the vibration and flex. 

Longer barrels increase accuracy in handguns with stiff barrels, as 
we would expect. However, in thin flexible barrels there is more spring and 
it wipes out or cancels the benefit. Remember that the testing is with a 
machine rest so the longer sight radius is not involved and offers no benefit. 

In summary, it is correct to state that increased stiffness, due to 
either shape or size or a combination of the two, will improve accuracy. 
Properly installed counterweights will improve stiffness and therefore, 
accuracy. A longer barrel will only improve accuracy if й has enough 
strength to overcome the increased tendency to flex. 

BULLET WEIGHT 

Frequently, target shooters that hand-load cartridges check each 
bullet's weight. It is known that even the slightest variation can affect group 
size. The actual weight is not as important as consistency, All bullets in a 
batch must be equal for uniform performance. The problem is not confined 
to people that cast their own bullets. Few factory bullets are made to the 
exacting standards required for competitive long-range use. 

The problem is not as much with velocity as with accuracy. At 
ranges as short as 25 yards, a variation of even | grain can make a slight 
change in accuracy in controlled testing. A 2-grain variation is, as expected, 
even more noliceable, Several controlled laboratory tests have been 
conducted on this subject, but it is an easy test for sportsmen to do 
themselves, As with all testing. all other factors must be carefully controlled 
so they will be the same from one shot to another. 
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CHAPTER 23 
AIR GUNS to MUZZLE-LOADERS to CANNONS 


AIR GUNS 

Although considered toys by many people, air guns can be deadly at 
ranges up to about 50 yards, although the actual range will be much longer. 
For example, the Daisy Pistols model 790 fires a .177 pellet with the aid of a 
CO; cylinder. The factory manual claims a high velocity of 425 f.p.s. and a 
maximum distance of 232 yards. The velocity has been chronographed as 
high as about 500 f.p.s. This is excellent for an air gun with an 8.3" barrel 
length, 

Pellets are not made to the close tolerance applied to bullets. The 
bore fit disparity and weight difference accounts for much of the velocity 
variation. A loose fit permits too much pressure to leak past the pellet and 
permits low velocity. A tight fit requires too much pressure lo overcome 
friction, This is basically the same as a bullet in a rifle or pistol barrel. 

Diabolo pellets have their weight forward in the head because of the 
thin skirt at the rear. This is the opposite of bullets, which have the center of 
gravity behind the mid-point. Therefore, a bullet will tend to tumble if 
everything is not correct while a pellet of this type will remain stable. The 
skirted shotgun slug has a situation similar to the pellet. 

Air guns are, in most examples, not as accurate as other firearms 
but they can still do a fine job if the owner takes the time to practice. 

CO; DETAILS 

The СО» cylinders are of liquefied Bas, nol just compressed air. The 
pressure is under the control of the temperature and it is quite high. At 55? Е. 
it is about 700 p.s.i. It goes up to 1,125 p.si, at 88^ F. Above 88° it is a gas 
instead of a liquid and not as efficient. While the gun will still operate, it is 
best to keep the cylinders out of the sun. 

Compressed air will decrease in pressure and give less velocity with 
each shot while the CO, cylinders remain about the same. 

Air that is compressed is affected very little by temperature and 
varies directly with the temperature above absolute zero (459.6" F) A 
pressure of 1, 130 p.s.i at 90" Е. (549.6 absolute) would change to only 1,200 
p.s.i. at 125" F. (584.6 absolute). Assuming, of course, that the volume of the 
gas chamber remained the same. 

CO, cylinders intended for use in air guns include a lubricant to 
help gun life and performance. They should not be used for any purpose 
involving food or drink, unless someone likes oily seltzer water. 

Some airguns, such as the Beeman R-I spring-piston air rifle, 
brought out in the mid 1980's, have a muzzle velocity of 940 fips. with a 
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pellet of .177 caliber. This velocity will exceed the .25 ACP which, 
depending on manufacturer, will be from 760 ta 815 f.p.s. The trajectory will 
be а curve, as expected, but with a zero at about 30 yards, it will not be over 
2" high or low to 50 yards. Beyond 50 yards, not only does the trajectory 
drop rapidly, but also the energy and velocity. This is not intended to be a 
comparison with the .25 auto on anything except velocity. The little. 25 
pushes 45 and 50-grain bullets compared to the air guns 8-grain. 

Other spring guns produce muzzle velocities in the area of 750 to 
#00 fps. The standard air gun operating with CO, or pump-up pressure will 
deliver muzzle velocities around 500 to 600 f p s. 

A Sheridan rifle, using 8 pumps as recommended by the 
manufacturer, produces a velocity of approximately 580 f p.s. It is interesting 
to noie that the velocity drops only about 3 or 4 fps. between the muzzle 
and 15 feet. 

Gas guns are low powered in comparison to conventional firearms, 
but there is still a danger involved. They can cause serious injury such às 
blindness All the same safety rules apply that are used for other weapons. 
Point the gun away from people, keep safety engaged, etc. 

Target shooting with air pellet guns is normally done at 15 feet for 
smoothbore guns and 25 feet for rifled-bore guns. (Note that throughout 
most of this book, ranges have been listed in yards. This is in feet.) 

Technically, the term BB is incorrect as BB shot for shotguns is 
.180 diameter and the pellet for air guns is .175. Close, but not the same. 

The Diabolo is a skirted pellet for usc in nfed barrels of either .22 
or .177 diameter. The base is open and hollow. ‘The smaller front rides in the 
bore while the base or skirt engages the rifling. 

The Sheridan air rifle uses a .200" (5 mm) pellet with a conical 
point and a long bearing surface similar to a regular bullet. A small band of 
larger diameter at the base is for engagement of the rifling. 
MUZZLE-LOADING NOTES 

All the rules of ballistics also apply to antique and reproduction 
muzzle-loaders. Here are a few notes that are not mentioned elsewhere, 

Even with their primitive methods, some early weapons were made 
with great skill. In the hands of an equally skilled shooter, our ancestors 
could reach out to 500 and even 1,000 yards with accuracy that many of us 
wish we could achieve today. 

VELOCITIES OF EARLY MUZZLE-LOADERS 

Early muzzle-loaders were frequently checked with ballistic 
pendulums in the 1800's and recently with modern electronic equipment, 
The results are impressive when we consider the bullet weight and the time 
period involved. During the era of the civil war, they usually varied between 
a low of 850 f.p.s. to a high of around 1,700 f. p.s. 
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U.S. ORDNANCE DEPARTMENT FIGURES OF 1844 


Firearm Bore Charge Velocity Energy 
Hall's 1840 carbine .525 Oge. 1,245 fps 753 ft-lbs 
US 1863 Springfield 58 60 prs. 1,000 fps па. 
Jenk's 1844 carbine 2 70 grs, 1,685 fps 1,387 ft-Ibs 
Hall's 1826 rifle 52 70 grs. 1,490 fps 1,075 fi-Ibs 


US flintlock musket 69 110 grs 1,500 fps 2,060 ft-Ibs 


The Springfield is propelling a 476-grain Minie ball at about 1,000 
fps and the flintlock musket is shooting a 412-grain round ball at 1,500 fps. 
Not bad for the 1800s and such heavy weight projectiles. Of course there is 
one sour note about these figures. А round ball yields velocity and energy at 
а very fast rate, as compared to modern bullets. Consequently, at even short 
distances they would not come near to today's firearms with similar muzzle 
performance. 


+ Should more powder be added to increase velocity? This is a 
subject every muzzle-Ioader can answer best by testing with his own gun. 
Keeping safety in mind, there frequently is a velocity that is difficult to 
exceed even after increasing the powder charge. At times, the heavier 
pressure deforms the ball. Increasing the charge beyond normal also will 
increase recoil and may not be as accurate. It also can damage the gun and 
even the shooter. It is best to use à chronograph to see if the attempt is worth 
it. 

* The extra part on the round shape of the projectile left by the 
opening in the mold (the sprue) is seldom removed campletely or properly. 
The result is radial weight that is not evenly distributed. The balance is off 
center from its axis. This can cause erratic trajectories. 

Ф Round balls in flight appear in shadow photos to be flattened on the 
forward end by air pressure. The ball is not flattened but appears that way 
because of refraction. The light rays are bent as they pass obliquely through 
the bow wave of compressed air. 

+ Even modem round balls made with great care and fitting the bore 
properly, retain most of the same old problems, While the ball may not 
bound around as it rushes down the bore, the contact with the barrel will be 
only tangential. In other words, it will touch only in the thin area where its 
curve and the straight bore meet. Rifling may impart a spin, but usually the 
rotation is small and ineffective. 

* In percussion revolvers, a round ball can cause the next chamber to 
also fire. This is called a flash over. There is so little contact with the 
cylinder or bore that the hot gas and flame can ignite the next chamber. 

Ф Мапу of the early smooth bore muskets used round balls that fit the 
bore very loose. Gas escaped around the projectile and reduced the velocity, 
The direction of departure was haphazard and could be a large angle away 
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from the bore line. It depended on where the ball last hit the inside of the 
barrel. Also, many of the balls were homemade and not sphencal. They had 
unpredictable trajectories and a hit on anything over 100 yards away was 
more luck than skill. 

* Not all calibers will be the same, but an average twist for early 
rifled barrels for patched round balls was one turn in 66". When conical 
bullets became popular, a faster twist rate of about 48" was required. Conical 
bullets, if the caliber is the same, are naturally longer and heavier. 


MILITARY CANNON & ARTILLERY 


It is not expected that many readers of this book will need this 
information, but it is valuable to serious students of ballistics. Here we are 
dealing with targets that are not in sight of the gunner due to either a great 
distance or because it is over a hill or tree line, in other words, artillery 
ballistics, Placing the projectile on the target is called /aying. If the target can 
be seen, it is called laying direct. If the target cannot be seen, it is called 
laying indirect. 

A learned gentleman with a Doctor of Science degree who taught 
this subject at the United States Naval Academy at Annapolis, has claimed in 
writing that artillery is a serous science but that using a rifle up to 1,000 
yards needs "little instruction", requires “little practice," and "requires no 
recourse to theoretical principles." Any reader who has glanced or read 
through this book knows that is a false and inaccurate statement, and it 15 
shocking that a supposedly intelligent person would make such an assertion. 
PROJECTILES 

Early cannons were not limited to round balls and similar 
projectiles. For use against sailing ships and their masts and rigging, cannons 
fired 2 balls connected together by a chain, It was discovered very early that 
this must be fired as one load by one cannon. When attempted by two 
separate cannon with the chain laid between them, it was impossible to fire 
both simultaneously. The outcome was more disastrous to the gunners than 
to the enemy. 

A lot of smaller balls or shot was fired bundled together as grape 
shot. This was held together by a cloth bag. If loaded in a metal canister, it 
was called canister shot and in a long round case it was called case shot. 
These projectiles are called /angrage or langridge, if you prefer. 

BARREL LENGTH 

The length of a cannon's barrel - or more correctly, its bore — is 
stated in terms of calibers. A gun with a barrel 10 feet long and a 4° bore 
would be know as 30 calibers long and termed a 4"-30 caliber cannon. 

In the sixteenth Century, a gun of that size would be about normal 
in size and weigh about 3,400 pounds. The weight of the shot would average 
about 8 pounds and the black-powder charge would be about 6 pounds. 
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MILS 

Artillery and cannon fire utilizes a different system than the familiar 
minute of angle (MOA). The mil is used for high angles of fire and in other 
military applications, It is based on the metric system, which explains the 
lack of interest in the U.S, for all except artillery. 

UMILS is explained in detail, including a chart and mathematics, in 
Chapter 18.) 

TRAJECTORY 

A cannon fired at a 45° angle in a theoretical vacuum would follow 
a parabola curve to reach its maximum range (or random). In a normal air 
environment, the air resistance causes the projectile to not rise as high or 
have as wide a range as the parabola, It follows an unsymmetrical line called 
a ballistic curve. The elevation for greatest range will be less than 40°, For 
small arms, it will be closer to 28° to 32°, (See Chapter 19.) For short range, 
it was and is common to fire heavy rifled mortars up to 16" at angles up to 
85°. It is interesting to notice that they still land point first At angles 
between 85" and 90", they may fall back to earth tail first. 

With military gunnery, the variables thal affect dispersion and 
probability are similar to the variables with small arms fire. Any 2 of the first 
3 will determine the parabola if based оп a theoretical vacuum. All are used 
in а real world atmosphere, (1) Quadrant elevation (2) muzzle velocity (3) 
range (4) characteristics of the atmosphere (a) humidity (b) wind (c) 
pressure (d) temperature (5) projectile weight (6) projectile shape (7) 
rotation of earth (8) curvature of earth (9) trunnion tilt. 

There are 5 chance variations that can affect the outcome. (1) 
Quadrant elevation, minor departures from the precise value. (2) 
Atmospheric characteristics. (3) Projectile, minor differences in shape, 
weight, distance rammed, and location of center of mass. (4) Powder charge, 
minor variations in temperature, grain size, weight, burning rate and 
moisture content, (5) Erosion, effect of chemical action from the hot 
expanding gases on the bore lining and the chamber. 

Range tables are used to pick out the angle of elevation and 
corrections to firing angle. 

GRAVITY INFLUENCE AT LONG RANGE 

While it is seldom utilized in small arms shooting, even at the 
longer ranges of up to 1,000 yards, the curvature of the earth and its 
gravitational attraction may be considered in long range artillery shooting. 
Over an extended trajectory, the curvature of the earth not only is affecting 
the height of site, since a horizontal plane through a point at sea level cannot 
pass through a distant point at sea level due to the intervening land or sea, 
but also is producing a convergence in the lines of gravitational force. In the 
rectangular coordinate system of computing trajectories, the gravitational 
force is regarded as directed parallel to the vertical axis. As the trajectory is 
extended, the direction in which gravity acts is approximately toward the 
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earth's center. The long range makes it more noticeable that this will not be 
parallel to the initial axis. A horizontal component of gravity is introduced, 
horizontal that is with respect to a rectangular system, which at the initial 
point has vertical and horizontal axes. 

BALLISTIC TABLES 

Ballistic tables for use in cannons and artillery do not give a certain 
projectile, gun, or powder charge as standard. The caliber of the gun, weight 
and figure of the projectile, angle of elevation, standard velocity, and other 
firing-table constants never appear in ballistic table work. The only factors of 
the problem considered are the actual velocity, angle of departure, ballistic 
coefficient C, and the meteorological and more generally, geophysical forces 
which act along the path of the projectile. 

The tables show no difference between the gun and the target, even 
if they differ in altitude by a large amount. Thus the tables are adapted 
equally to firing on the level and to antiaircraft fire, drop bombs, mountain 
firing, etc. The familiar theory of rigidity of the trajectory (covered in 
Chapter 17), becomes wholly obsolete for these tables. For firing on a level, 
no supplementary correction table of the carth's curvature is needed because 
it was used in constructing the original table. Remember that there are longer 
ranges involved in this type of ballistics, and that is the reason for the earth's 
curvature to be involved. 


Comparison of Low-Angle Ballistic Trajectory and Shaped Trajectory. 


Modern weapons are ingenious. The shaped trajectory is a computer 
solution for the “Copperhead” with a laser seeker. The body contains fins 
and wings that deploy in flight and allow the round to maneuver. 


CHAPTER 24 


TERMINAL BALLISTICS, GENERAL 


Terminal ballistics is the term usually applied to how a projectile is 
affected when it strikes an object and how the object is affected during and 
after the strike. In other words, shocking power, penetration, expansion, 
wound channel, caliber, сіс, As both the glossary and Chapter 12 explain, 
terminal is not the best word for this situation. Nevertheless, it is universally 
used and through constant use, it has become acceptable if not proper. 

Target shooters may believe this section does not apply to them. 
Мапу do not hunt game or carry a gun for self-defense, But if you have ever 
been awakened in the middle of a dark night by a strange noise, a noise that 
was repeated after you became fully alert. A sound that seemed to not only 
be in your house but moving closer, some parts of this section may not only 
be interesting, they may save your life. 

This is an excellent place for a safety warning. In a situation 
where you suspect an intruder in your house, don't fire until you can be 
certain you are not shooting a family member who is wandering around 
because he or she can't sleep. Also remember the key word is self- 
defense. It is illegal to shoot someone to protect property, only lives. 

Terminal ballistics can be divided into two basic groups. Hunting 
game with shotguns, rifles and handguns, and self-defense against other 
humans. These both may include the same three weapon choices. Of Course, 
there is an overlap of the essentials because the end goal is the same, to 
incapacitate or kill with as few shots as possible. There are differences, of 
course, but the basic idea is the same except for one point. With game, the 
purpose is іа kill and with humans it is to incapacitate. Military actions, 
wars, and an occasional SWAT team project are unfortunate exceptions. 

Both the police and citizens attempting self-defense can have major 
problems with stopping a person whose body is pumped-up with drugs. 
Hunters do not have to worry about rabbits or bears on cocaine. 

There are differences in the psychological reaction to being shot 
between lesser animals and humans. Where animals will respond from an 
innate capability possessed at birth, the human response will be more toward 
learned behavior. But fear and pain and the desire for self-preservation can 
be strong in both and equally unpredictable. 

Anather difference; the average human has a strong basic desire not 
to kill another human. Even the sporisman who thinks nothing of shooting an 
elk will hesitate to defend himself against à violent criminal who may not 
have the same moral feelings. There is an attitude that is important to proper 
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self-defense. It is an important subject, but not in the realm of ballistics so 
we should move on. 
WORD CHOICES 

Many sections of this book have words that need to be explained so 
the author and reader have the same thought when the term is used. Stopping 
power, killing power, disabling energy, knock-down ability; all are just 
words which each reader will, based on his or her own experience and 
knowledge, interpret in a different way. Let us not get hung up on a word 
choice. 

Briefly, though, stopping power and killing power are "the ability to 
incapacitate an opponent immediately." They generally mean close to the 
same thing, Stop means, come to an end or the finish. 

Disabling is nol as severe or effective, It means to cripple or be 
unable to do normal activity. Disabled bear or a disabled man can still do a 
lot of damage and will be able to kill an enemy. 

Another frequently used term 15 wounding power. It is not the same 
as killing power because some very bad wounds will not stop either à wild 
animal or a human. Thus book will not go into this area because it is 
unnecessary. Stopping power and killing power both have their place in 
hunting and self-defense. Physical damage that does neither should be 
avoided, 

Stopping power and killing power are unprecise comparisons of 
how effective a bullet stops or cleanly kills a dangerous charging animal. For 
police, military and self-defense, the same stopping and killing power is used 
with regard to humans. Velocity and energy are factors, as well as bullet 
weight. range, type of bullet, caliber, and even to some extent, the personal 
preference and confidence of the shooter in the choice of gun and caliber. 
Supposedly, the moose in the hunters sights or the crazed killer will not be 
stopped quicker by the confidence of the shooter. Perhaps, but most people 
will perform better if they have confidence in their firearm, cartridge, and 
training. 

CHOICES OF CALIBERS & WEAPONS 

Probably no area of firearms and ballistics is more hotly disputed 
than the choice of calibers for best killing power. Whether for game or self- 
defense, if 20 experts are interviewed, they will all have a different opinion. 
In this atmosphere of different views and changing ideas, only general 
statements will be made; comments that may guide the reader and help him 
or her to form an opinion. 

Some people believe that the lange caliber bullet is best even if the 
velocity is low. Then we have the group that believes high velocity is the 
king even if the bullet is very small and light. Both of these two groups, and 
others in between, have test reports to back up and enforce their theories. For 
self-defense, medical doctors and others who base their information on 
human anatomy and the results of autopsies and emergency room work, put 
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forth a lot of opinions. This is not always as accurate as it is impressive 
sounding, The problem is in trying to determine whom, if anyone, is correct. 

Not long ago, a national gun magazine ran an article on this subject. 
It was written by a person who stated he was an ex-police officer with many 
years experience. He used half of his allotted space to insult every expert 
who had a different opinion than his. The word expert was in quotation 
marks and they were all called various vulgar names and told how stupid 
they were, Then he claimed that he was an expert and the balance of the 
article stated that his choice of self-defense caliber was the only one worthy 
of any consideration. 

It is good for the public that he has retired from the police force, We 
do not need irresponsible hotheads like him carrying a badge and a loaded 
gur. 

There are a lot of good firearms and good calibers in the world 
today. Some are better than others are. That does not mean that only one or 
two will do the job. When you make a decision on a caliber, whether by 
technology or emotion, it does not mean that every person with a different 
opinion should be treated with scom and ridicule, 

Both the law-enforcement officer and the homeowner have an 
interest in stopping a violent person intent on causing physical harm. The 
hunter's goal is less crippled animals to go away and die a painful death 
When a good clean kill would put meat in the freezer. Not to mention the 
sudden charge of a mother bear against a deer hunter who has stumbled on 
her cubs. All of the experts agree on one thing. Both the bear and the man 
can be incapacitated, but if the gun and cartridge aren't up to the job, your 
adversary can kill you even if he is hit in a vital area. But if someone does 
not agree with your choice of firearm, try to convince him with facts similar 
to what are used in this book, not crude insults. 

MEDICAL VIEWPOINTS 

Hydrostatic shock looks dramatic as a water filled can explodes or a 
gelatin block expands. Live tissue may do the same. A body 15 affected by a 
bullet in a fashion similar to water. The bullet creates a bow wave in the air. 
(Explained in Chapter 13.) It will also create a wave in water as a ship 
creates a wave, by fluid displacement, The major difference is that in the ай, 
which is considered compressible for this purpose, the waves quickly 
dissipate. Fluid, as in water or a body, is considered incompressible and the 
waves are propagated without fading. The faster the bullet, the stronger the 
waves are propagated through the body, The exit wound, then, is not a mere 
puncture but an explosive release of the wave before the bullet has reached 
the surface. This was shown by high-speed photography as far back as 
World War Two. 

A well-known theory states that a high velocity impact creates a 
hydraulic action in the body that disrupts the blood vessels and other body 
parts that are yielding. This action affects areas of the body not directly 
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impacted by the bullet. The higher velocity and abrupt shock also increase 
nerve and bone damage. This effect is strongest at velocities at and over 
about 3,000 f.p.s. The higher the velocity the more explosive effect, This is 
most pronounced in areas of the body that are primarily water like in 
kinematic viscosity. (Explained in detail in a few more pages.) As an 
example, the brain is one of many areas that are primarily water like. There 
is a violent expansion in the microsecond that the high velocity bullet moves 
through. The force is outward in all directions. This is sound reasoning and 
no doubt has an influence on the outcome. It remains to be discovered or 
proven exactly how much. 

Some experts disagree on the end result. They believe that the 
body returns to its original position and the larger cavity created by the 
explosive impact does little toward stopping power, In all probability, 
the end result would depend on many variables and be unpredictable. 

Shock, as it applies to a bullet wound in the medical meaning, is the 
physiological state of rapid respiration and pulse, low blood pressure and 
potential loss of consciousness. It is not generally caused by the force of 
impact, but induced by severe blood loss. 

The body can recuperate and recover astonishingly fast. The depth 
and width of the wound is more important. The bullet that makes the biggest 
wound will have the best stopping power, not the one with the heaviest 
shocking power. (This disregards location. Obviously a .22 short in the brain 
will be more effective than a .45 ACP in a fatty area.) 

In a broad general sense, the stopping effect and also killing 
efficiency of a wound, whether in a human or wild game, is a combination of 
the extent of the wound and its location. Hemorrhage is a significant element 
so any damage to large vessels in the chest and the base of the lungs is 
effectual. The stopping achievement may nat be instant, but movement will 
only last until the blood pressure drops to a point where circulation through 
the brain is drastically lowered. Arterial pressure and vessel size drop with 
distance from the heart. Bleeding will cause collapse of the person or animal 
depending on how quickly the blood is lost. 

Projectiles striking the brain, upper spinal cord and major blood 
vessels are quickly fatal, sometimes with less bullet weight or energy 
because of the interruption of essential elements such as respiration. and 
circulation. 

A spinal cord hit may cause instant paralysis because the area below 
the point of injury will be cut off from the brain and all muscle control will 
be lost. It will not be fatal unless it is in the neck area, which will cause 
paralysis of respiration. Paralysis may be described as a loss of voluntary 
muscular action. 

Chest cavity wounds can be instantly fatal if the heart is stopped. 
Lung wounds to the central part can be quickly fatal duc to hemorrhage, Hits 
in the outer areas of the lungs may not be fatal and may not even stop the 
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game or assailant. In this event, death may come later from gradual blood 
loss. 

Of primary importance is the magnitude and location of the wound. 
Obviously a small magnitude wound in one location may cause disability 
while a large magnitude wound in another may do little more than aggravate 
tlungs. 

PENETRATION 

While expansion is beneficial, penetration is essential. The 
projectile's size is of no importance if it does not reach a vital area. 

Bullet weight helps penetration. because of its involvement in 
momentum. In bullets of the same velocity, the heavier bullet will penetrate 
decper if all other things are equal. 

Penetration is à matter of momentum versus resistance. Sectional 
density is when bullets are of equal weight but different caliber, the smaller 
caliber has more sectional density. (See Chapter 14 for sectional! density.) 
The reason sectional density is involved in penetration is a matter of 
momentum versus resistance. The larger sectional density will be with the 
small caliber. It takes less effort to stick a pin in our body than a big nail. 
The smaller caliber will go deeper because of the smaller arca to resist 
against. The bullet with a larger sectional density will penetrate deeper than 
a lighter bullet, even if the lighter bullet is somewhat faster. Of course, 
deeper can also mean "passed clear through." If a person is on the far side, 
they can be in danger from a bullet that exits. Although in that case, the shot 
should never have been fired. 

The diameter must be backed up by weight The force driving a 
projectile through its target comes from its own velocity and weight. Clearly 
а cannon ball will penetrate deeper than a shot slug, if the velocities were 
equal. 

The bullet must be properly chosen to match the velocity. A bullet 
that expands and performs well at low or medium velocity may blow apart 
during a high velocity impact. At the other extreme, many bullet designs 
require a high velocity for expansion, The bullet must have the shape, core, 
jacket thickness, jacket stiffness, and in a hollow point, the proper angle and 
depth. All this and more must match the velocity to properly penetrate and 
expand, 

There is some debate about whether it is best for a bullet to remain 
in the body after deep penetration or exit on the opposite side. Generally, if 
the bullet is properly placed, the wound is what counts. The damage to 
Organs and tissue and bone are the most important. The exit wound supplies 
little except in increased blood loss. Exit wounds bleed externally a lot more 
than entrance wounds, which in some cases will bleed little to none. While 
this can leave a stronger blood trail far tracking a wounded animal, the ideal 
situation would be an instant kill with no tracking involved. It is best to 


338 


avoid the need to track an animal rather than making the tracking 
easier. 

From à ballistics point, (no pun intended) a bullet that is too fast 
docs not always cause over-penctration. If the velocity is too low for its 
design, there may be no expansion. This will maintain energy and increase 
depth. Most bullets designed for expansion will not perform well over the 
full velocity range. In some cases, the velocity range for good expansion is 
narrow. (See Chapter 16 about bulleis.) 

PENETRATION QF SPHERES 

For spherical projectiles like musket balls, shot pellets, and round 
nosed bullets, penetration equals sectional density times a constant times the 
difference between muzzle velocity and striking velocity. Briefly, sectional 
density is dividing the square of the diameter in inches into the sphere's 
weight in pounds. (See Chapter. 14.) For pellets, add .033 to the diameter 
first. This is necessary because of the boundary layer of air. For projectiles 
of this shape, the constant is .233. Other shapes will require a different 
number. This equation is good for velocities up to about 1,000 f p.s. 

Área and weight are the controlling factors, if the velocities are 
equal. The weight of spheres of the same substance will be to each other as 
the cubes of their diameters, although the areas they present will be only as 
the squares of their diameters. With the available force varying as the 
diameter cubed, and the resistance varying only as the diameter squared, it 15 
evident that the penetration will be as О? divided by D^ which equals D itself. 
Consequently, penetration goes up in relationship with the diameter of the 
shot or ball. (How's that again?) That gobbledegook says, as we see here and 
from other places in ballistics, that large spheres hold their velocity better 
than smaller spheres, if all other things are equal. 

BULLET EXPANSION 

Fast expanding bullets do not penetrate deeply. A fast expanding 
bullet will not penetrate deep and а slow expanding bullet will go deepest, if 
everything else is equal. If the bullet expands on impact, its penetration 1s 
held back by its larger diameter. In that case, it would require much more 
energy and momentum to push it іп, Of course bullets are designed to 
expand and penetrate properly at required velocities and in specified calibers. 
Bullet design is a subject that is complicated and sometimes it can be 
difficult choosing the proper bullet out of the many options available. (See 
Chapter 16 for a lengthy discussion on bullets.) 


KINEMATIC VISCOSITY & BASIC MATERIAL TYPES 

Targets (terminal points of impact) are classified in 3 basic groups 
for the study of depth penetration: primarily cohesive, primarily viscous, and 
primarily like water. Of course it is not that simple because in the real world, 
whether the target is an clk or a felon barricaded behind an automobile door, 
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all 3 groups may be represented in different amounts and grades and blended 
together in infinite combinations. 

Kinematic viscosity is the term used for this subject. The resistance 
of a substance to flow if a liquid or yield to stress if a solid. It is primarily in 
the abstract without a reference to force or mass. 

PRIMARILY COHESIVE 

If the impacted material is primarily cohesive, it is united by tough 
adhesion that resists breaking apart. Examples are hardwood, masonry and to 
some extent, bone. 

The opposition to penetration is constant and the depth of 
penetration can be obtained by dividing the projectile energy by the square 
of its diameter, i.e. the depth is proportional to the square of the energy. In 
other words, if the velocity is doubled, the energy goes up 4 times, and the 
penetration gocs up 4 times as well. This law can be traced back to Ben 
Robins in 1742. He is mentioned in other parts of this book for his 
contributions to science and ballistics, 

PRIMARILY VISCOUS 

If the impacted material is primarily viscous it has a molecular 
attraction that resists a tendency to flow. The material is sticky, thick, and 
syrupy, as is honey or heavy syrup. Animal and human tissue closely fit this 
group. 

The opposition to penetration is in direct proportion to the 
projectile's velocity. In simple terms, the slower the bullet or shot, the less 
resistance, and the faster the projectile, the more the resistance. 
PRIMARILY WATER LIKE 

If the impacted material is primarily like water, the opposition Lo 
penetration is proportional to the velocity squared, A projectile at low 
velocity will penetrate water easily. Resistance is slight and less than in à 
viscous material like syrup. As the velocity increases, so does the resistance 
only аі а faster rate than in a viscous substance. The resistance is not in 
direct proportion as in syrup but proportional to the square of the velocity. In 
this case, doubling the velocity will not double the penetration. Some body 
areas, including the brain, are in this group. 

ENERGY & MOMENTUM 

This may be a good place to remind the reader that there is a major 
difference between momentum and kinetic energy. 

The lethal effect, or killing power, of a bullet is closely 
associated with kinetic energy. The knockdown or shove of a bullet at 
impact is related to momentum. It is easy to confuse and mix-up the two, 
but they are like vinegar and oil in a dressing They are associated together 
and may even help each other, but they are still entirely different things. 
KNOCKDOWN & ENERGY 

| An animal or opponent can go down instantly from a strike on a 
weight bearing bone, the brain, a heart shot, or a hit in the upper spinal cord. 
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The right caliber in the nght place can do enough instant damage and cause 
enough induced shock to put down a charging bear or a crazed human. 
Sometimes hunters believe it looks like the game was thrown over by the 
bullet. Unless it was a squirrel hit by a .30-'06 - 220 gr., probably not. 

We need to discuss momentum, but first let's consider energy. As 
given in the charts, energy is frequently misunderstood. There are too many 
other important items. Remington ballistics show the .458 Winchester 
Magnum as having 4,712 foot pounds of energy at the muzzle and 3,549 al 
100 yards. This is with a 500-grain bullet and is tremendous energy by 
anyone's standards. Do not fall into the trap of believing that, because a 
bullet has 4,000-ft Ibs. of energy, it will deliver a blow of 4,000 Ibs. and will 
knock a 1,000-pound elk clear off its feet. It won't, That is not to say this is 
not a powerful cartridge, but the 4.000-ft Ibs. is sometimes called paper 
energy. It is a mathematical number thal in physics means loosely, fhe 
capability to do work. 

As we discussed in an early chapter, 4,000-ft. Ibs. of energy means 
that the bullet has the energy to raise a 4,000-Ib, weight 1-foot or a 1 pound 
weight 4,000 feet. (Refer to Chapter 3.) That energy is used or consumed on 
impact but it will not move the object hit as expected. If a dead deer were 
hung from a tree and shot with a bullet with 4,000-ft. Ibs. of energy, it would 
move it very little. 

The energy is used in creating heat, deforming both the bullet and 
the object hit, creating noise, breaking bone, penetration, deforming, etc. 
Only a small amount is used in knocking or moving the object struck. Of 
course, some kinetic energy is transferred to the struck body, because of the 
velocity that it received from the impact. But a weighty object struck by a 
light bullet will receive only a tiny percent of the bullet's kinetic energy. 
Usually an urge to flee or an instinctive muscle or nerve reaction to the 
abrupt shock and pain will cause a sudden movement of a living target. Both 
are caused by the victim's own physical reaction instead of the push or 
punch of the bullet. 

All too often, the bullet with the high energy is not suitable because 
of bullet type, weight, or velocity. Use it as a comparison of just one facet of 
a multifaceted issue. | 

For example, the impact point is one of the most important items ш 
killing and stopping force. A small bullet at high velocity may have high 
muzzle energy but when hitting an animal quartering away it may only 
wound the animal. A heavier bullet at a slower velocity and less energy may 
produce a kill. A good heart shot may have been effective with either caliber, 
but the hunter can't always get the perfect shot. 

Ballistic tables give energy al the muzzle as well as at different 
ranges. The muzzle energy is important for some math problems and in the 
recoil that is felt by the shooter. But what really counts is the energy that can 
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be delivered to impact. This has a direct effect on killing power and a perfect 
hit does more harm than good if the animal is crippled. 

For a few examples, let's start with the old favorite, a .30-30 
Winchester Super-X with a 150-grain bullet. The muzzle energy is given at 
1,902-ft. Ibs. but it drops to 1,356 after just 100 yards. Not many people 
would try a 300-yard shot with a 30-30, but if they did, the energy would be 
down ta 651-0, Ibs, 

Another example is .30-'06 Super-X in 165 grain. The muzzle 
energy is 2,873-fl. Ibs, with 2,426-ft. 165. at 100 yards, All the way out to 
300 yards, it still has a respectable 1,6965-ft. Ibs. Of course, the point is nol 
what these two cartridges have in down range energy; it is what the cartridge 
you plan on using will have. 

A lot of energy is used in bullet expansion. If the bullet had little 
energy to start with, the energy used for expansion won't leave enough for 
suitable penetration. Also, if the expansion is on impact, while the expanded 
bullet would do great damage pushed into depth, it will take increased 
energy to push it in. In many cases, that energy is not available. Too much 
initial expansion is not good unless accompanied by high energy. Both 
penetration and expansion are required. Neither is satisfactory by itself. 
Usually when one goes up the other goes down. 

The military, NATO in particular, regards the killing power of 
bullets to be best expressed in kinetic energy. They consider I08-ft- Ibs. to be 
the minimum to put a man down. Some NATO cartridges still have this 
energy at a long range. The 7.62 NATO at 2,600 meters (2,844 yards) and 
7.62 x 39 at 1,500 meters (1,641 yards). During World War IL and for at 
least 20 years later, the U. S. Army considered a striking energy of 58-ft. Ibs. 
lo be disabling. (Based on Wound Ballistics, 1962, directed by the U. S. 
Army Surgeon General.) 

Although this is not a ballistic item, it is interesting that the military 
consider a wounded enemy soldier to be more beneficial than a dead enemy 
soldier. This is because other soldiers are put out of action to care for the 
wounded men while the dead require little attention. 

KNOCKDOWN & MOMENTUM 

An excellent way to show the blow or knockdown effect is not as 
strong as it seems was by General Julian S. Hatcher and quoted from the 
Aug. 1958 issue of The American Rifleman. He wrote that if a man were 
holding up а }" thick by 14" square steel plate, he would have no problem if 
it was shot from close range with a.45 ACP. As the General said. it wouldn't 
be safe because of bullet shatter, vibration, etc. but the plate would only 
move back about 2" al 2 feet per second, This is based on a 230-grain bullet 
at 800 f. js and а plate weight of 13.6 Ibs. 

ле mass times velocity (momentum) would follow ti inciple 
discussed in Chapter 13 about the ballistic pendulum. The is M 
impart its momentum to the plate at a kinetic energy of .84 ft Ibs. Gen. 
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Hatcher figured that to stop the plate in 3" would require about 5 times the 
pressure required to stop the recoil of the pistol in the same 1". 

This author conducted an unscientific but interesting test that 
further proves this point. A wooden box about l'x 1' x 2' was attached to 4 
legs made of 2" x 4" boards 3' long. The box was filled with dirt and the 
complete unit weighed 203 Ibs. The object was to see what effect, if any, the 
impact of a bullet would have. It may have been comparable to an upside 
down ballistic pendulum only without the accuracy and measuring scale. 

The first shot was by a young man with a 22 Magnum who said he 
bet even his small cartridge would knock it over. It made no detectable 
movement even though fired from as close as about 10 yards. (Remember 
that this was for fun. We didn't measure the range.) 

A .30-30 = 170-grain bullet and a .30-06 - 220 grain bullet, both 
made a noticeable movement of perhaps 1". Both the .30-30 and the .30-'06 
penetrated and expanded successfully and if impacted in a vital area of a 
deer, would probably have been a quick kill. Knocked over? No way! 

Knockdown, the actual push or shove, is a matter of mass times 
velocity (momentum), not kinetic energy. The momentum figure will be 
much smaller numbers than if we incorrectly used the kinetic energy for 
bullets formula from chapter 3. 

energy in ft. Ibs. = HI / 450400 
* Momentum remains the same before and after impact. In technical 
terms, the velocities before and after impact are inversely as the masses. 
(MBIMT)*VB-VT 
Where: MB = mass of bullet in grains 

MT = mass of target in grains (lbs. * 7,000 = grains) 

VB = velocity of bullet at range in f. p.s. 

VT = velocity of target after strike in f.p.s. 

Example: A 300-H & Н Magnum, 180-grain bullet with 2,412 fp.s. 
velocity remaining at 200 yards. (Winchester Super-X) Weight of game 
anima] 550 pounds. 

7,000 * 550 Ibs. = 3,850,000 
(180 / 3,850,000) + 2,412 — 0.113 fps. 

As anyone can see, 0.113 fps. is almost no movement from the 
impact. The location of the hit will determine the final outcome. 

* Striking momentum can be calculated easily if we know the striking 
velocity and bullet weight, both of which are easy to determine. 

Mi= Wai Fi 225200 
Where: A4, = striking energy in Ib.-sec. 

И = bullet weight in grs. 

= striking velocity in f.p.s. 

(Note to math fans, this subject is explained with slightly different 
mathematics in the next chapter.) 
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VELOCITY, WEIGHT & MOMENTUM 

High velocity helps stopping power and so does bullet weight. One 
can be substituted for the other or combined for higher effectiveness. In a 
substitution, we must remember the physics of momentum. Light bullets at 
high velocity may have insufficient momentum 4o penetrate through animal 
hide, bone, and muscle. Mathematics will show us that if we use a 150-grain 
bullet at 3,000 f p.s., a 50-grain bullet would have to achieve 9,000 f p.s. to 
have the same momentum, 

Momentum gives more importance to a projectile's weight. 

Momentum of a bullet, as it relates to the momentum transmitted to 
the target, is nearly linear. 

Momentum is the reason a bullet that disintegrates on impact has 
such poor effect If it were split in half, each half would have the same 
velocity (disregarding minor differences) but only half the weight and half 
the momentum 
CROSS SECTIONAL AREA 

A bullet's cross sectional! area is more valuable than its diameter in 
figuring stopping power, This is found by squaring its radius and multiplying 
the answer by т, This can give a truer picture of the bullet's frontal area than 
just its diameter, 

BULLET SPIN 

People frequently wonder if bullet spin has any effect on killing 
power. The simple answer is yes, but the amount is very small and the 
explanation is not simple. 

Many hunters have noticed the wound path created by the bullet and 
one or more smaller paths created by a bullet particle, which has broken off 
and spun out by centrifugal force. The spin causes additional damage from 
the fragmenting similar to a piece braking away from a fast spinning 
flywheel. 

ra Imagine the particles being broken off and moving away from the 
original path at an angle and also driven forward at the bullet's velocity. The 
speed the fragment will have as it flies off will be the same as its circular 
path surface speed. (All reduced, as it were, by the tissue and bone, etc. 
Deceleration will be heavy because of reduced momentum.) 

The spin adds to the killing power in the extra projectiles that 
damage tissue and bone and the cone effect. Very little is added in additional 
power. The energy at impact will be greater, but by a tiny amount. 

THE MATHEMATICS OF SPIN 

For the reader who is interested in mathematics, it can be easily 
proven. The chapter on rifling has 8 equations that deal with rotational speed 
and related subjects. Several may be beneficial at this time, but in the interest 
of saving space, they will not be repeated here. The equations for surface 
speed, resultant speed and spin energy will be useful. (Refer to Chapter 12.) 
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One method not shown in the rifling chapter that will give the same 

answer is: 
%=йт*^2* [17 

Where: 5 = surface speed in ЇЇ. / sec. circular 

R = radius of bullet 

T = bullet turns / sec. (revolutions) 
EXAMPLE: To show the small increase, we can work out a short series of 
equations, Given circumference of bullet, (.942") 0785 feet, Velocity: 2,900 
fps. from a 10" twist barrel. Using the equations in the nfling chapter, we 
find 208,800 r.p.m. From the same chapter we find S= C * R. This gives us 
0785 * 3,480 = 273 fps. (The 3,480 is revolutions per sec.) The spin is 
integral with the forward velocity, which in this case, is 2,900 f.p.s. Again 
from the rifling chapter we find: 


RS- V ag 


Where: F= muzzle velocity in f p.s. 

S = surface speed in ft. / sec. 

RS = resultant speed 

This worked out to 2,912.8 minus 2,900 0 for 12.8 f. p.s. 

For mathematical fans among our readers, another formula may 
prove interesting. 

E-1/21I«o 

Where: £ = spin energy in ft. pounds 

1 = moment of Inertia about the long axis (of gyration) 

ш = angular velocity 

You can see that 12.8 ft per sec. and a similar energy increase in 
foot pounds is very tiny. Most all cartridges will give low amounts, To 
compate the entire bullet energy use: 

E-1/2 M¥*+1/2 МК? оў 

Where: E- bullet energy 

M = mass 

F= velocity in feet per second. 

K = radius of gyration of the bullet about its longitudinal axis in 

feet. 

ш = rotational velocity in radians per second 

The rotational velocity adds such a timy amount to the final result 
that it is normally omitted. This leaves: 

E-1/2MV?  orthe most used formula utilizing bullet 
weight in grains: 

E-WYVI450,400 
Where: Е = energy in foot pounds 

H = bullet weight in grains. 

F= velocity in £.p.s. 
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YAW & PENETRATION LOSS 

Penetration tests conducted by the U.S, Anny have shown less 
penetration at very short ranges than at moderate ranges. The lack of 
penetration at short range is blamed on initial yaw, which prevents the bullet 
from striking straight оп. When the bullet stabilizes, the depth of penetration 
increases. Then, as velocity, energy and momentum decrease with range, the 
penetration depth gradually drops again. (See Chapter 5.) 

KEYHOLING & YAW AT IMPACT 

Some people believe that a keyholing bullet has great stopping 
power. If we really think this out to a logical conclusion, we can see this is 
wrong. Perhaps ш à few rare cases it could work oul thal way, bul not 
normally, A tremendous amount of work has gone into designing bullets for 
proper expansion at depth. A bullet that has yawed or tumbled so that it 
strikes on its side may appear to perform well because of the larger surface 
area in contact, but the penetration will be short and expansion almost zero. 
All other things being equal, the effect will be less than desired. 

While many people would complain about the cruelty to animals 
(perhaps while eating a hamburger), the. Aberdeen Proving Ground tested 
bullet effect on live animals that were sedated. Horses, pigs, and goats were 
shot and killed to study the reaction of the impact and the wound, Several 
pcople that were well known, or would be later, were involved in one way or 
another. This included Gen. Julian Hatcher and Col. Frank Chamberline. (Or 
Chamberlain as it has been observed spelled both ways.) This was a military 
test, so only military ammo was involved. That is disappointing because with 
the protesting from animal-rights people, no civilian company would dare to 
test their sporting ammo in this fashion. 

Later, Col. Chamberline expressed concerns that no two bullet 
wounds werc alike and perhaps not as much was learmed as expected. 
Nevertheless, the experiments did show that a bullet that is spinning without 
proper gyroscopic stability or with a slight yaw would tum sideways on 
impact. Remember that the center of gravity of most bullets is behind the 
center of its longitudinal axis. In other words, the center of gravity is toward 
the base. This will give it a strong turning effect if a force is applied behind 
the tip. (Jf necessary. the reader should refer to Chapter 8 and gyroscopic 
stability.) 

In the Aberdeen tests, the bullet would yaw after as little as 2" of 
penetration and present its larger side area forward. The wound would be 
much worse and, the same as an expanding bullet, penetration less. While 
this test showed how catastrophic a yawing bullet can be, it is still not às 
good as controlled expansion with proper energy, although we can only write 
of generalities because as tests of this type show, no two examples are the 
same. What is great in one instance may fail miserably in the next. à' 
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TESTING FOR EXPANSION, PENETRATION, ETC. 

It is both fun and interesting to do bullet expansion and penetration 
testing. It is an excellent excuse to spend a day enjoying the gun hobby. Of 
course, if it is a business or a job. then it can suffer the fate of all 
employment: dullness and tedium. 

Many hunters, perhaps even most, never test a bullet or load except 
by killing game. Even if the gun is sighted in to zero at a set range, the bullet 
expansion and penetration are not tested. Frequently not even considered. 
Shooting animals in the field is never a satisfactory way to tell performance 
because no two shots are alike. One may hit bone and another soft tissue, one 
straight on and another at an angle. This does not mean that nothing can be 
learned hunting. Quit the contrary. But a controlled test with watermelons 
(too expensive, but fun), ordnance gelatin, wet newspaper stacks, all of these 
methods can furnish a lot of information if done properly. 

Some people don't believe that any information can be learned by 
shooting into gelatin blocks or water soaked paper, People with that attitude 
are right; they won't leam anything. The rest of us can usually leam 
something. Bullet expansion is not as simple as it may appear. Testing, even 
if done in an amateur way, will still demonstrate it better than 10 books on 
the subject, including this one. The objective is to compare different calibers, 
bullet types, and loads with a reasonable number of shots. Not much would 
be gained by firing 5 rounds from the same box and quitting. 

À large number of shots must be fired and without preconceived 
views and opinions to distort the thinking. In other words, a lot of shooting 
and then believe the results. 

TESTING MATERIALS (target mediums) 

Ductseal can be used but it is expensive. It also is hard to examine 
the bullet's path and it can become full of bullet fragments. (As the reader 
can imagine, several of the following methods have these same 
problems.) 

Clay is a useful test material but the bullet's path is difficult to 
examine, Some people have tried filling the cavity with plaster, but this is 
simply more trouble than it is worth. 

Wooden boards give an interesting comparison from one bullet to 
another. For farmers and ranchers with extra wood lying around, it is cheap 
and worth the effort. But there is no resemblance to an animal or the human 
body and bullet recovery can be difficult. It is frequently performed, fun, and 
interesting, but there is very little scientific benefit. | 

The problem is the large variation in hardness and similarity 
between two pieces of wood. For example, oak that has been recently cut 
and oak that has been well seasoned and thoroughly dried would react 
differently, Wood from near the center of a tree and wood cut from farther 
out would be different. The center cut has a grain that will run more straight 
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across the board, compared to the outer cuts that have the grain running more 
at an angle, Moreover, striking a knot will really mess up things. 

Oiled sawdust works well, As the name implies, it is sawdust, 
preferably hardwood and light oil completely mixed together. Be certain 
there are no chips that could deflect or harm à bullet. A long narrow box of 
about 6 feet in length will do the job if the firearm is carefully aimed. 

Gelatin is used extensively in testing because it is believed to 
respond similar to living tissue only without the bones, muscles, etc. While 
some people disagree on this point, it remains a reasonable test that is 
practical. И is not саѕу or cheap for amateurs because the large blocks 
require expensive equipment and are time consuming. The ingredients have 
to be combined with water at а temperature of about 160^ with an electric 
mixer and then poured into a mold. |t then has to be refrigerated, After 
hardening, lowering into hot water will help to remove the blocks from the 
mold. Then wrap the large block(s) with cellophane until put to use. Ballistic 
gelatin, sometimes called ordnance gelatin or high jelly strength gelatin, is 
similar to a thick gelatin desert. 

Cotton waste is used frequently, but many other methods are 
better, The material is hard to find in all but cotton growing regions, and it 
can scratch lead bullets. It also is a potential fire hazard. 

Newspapers and phone books make a very good test if tied 
together about six inches thick and soaked in water for at least 12 hours. It 
will take a number of big-city books or papers, even though their size will 
expand with the water to almost double their original size. For that reason, 
don't tie them too tightly with weak string. They should be used soon after 
removal from the water, if possible, This is an excellent home method. The 
bullet's path can be examined by opening the bundle. Depending on the 
bundle's width, from two to six bullets can be fired before the stack is 
opened. Long range is no obstacle, as long as the accuracy is available to hit 
the stack away from the edge. A strike near the edge may be forced out by 
the higher-pressure inward in the stack. 

Plain water is useful in forensic science, but as many people have 
found, onc steel barrel is not deep enough. Two will have to be welded 
together as water light as possible. It is much better to use a piece of pipe, 
capped or plugged at the bottom, if the diameter and length are big enough. 
Generally, 9 feet of depth and about an 18" diameter are required to bc 
certain of stopping the most powerful handguns, Poor aiming may cause a 
strike on the side of the tank, but it the material is thick steel, it will not hurt 
the tank, but the bullet will not be useable for testing purposes. The container 
can be tilted at an angle to the ground, or preferably, left on its end and a 
step-up provided. In any case, to avoid a soaking, the shot should be fired 
from a ladder or elevated position or the container needs a cover with a hole 
just big enough for the gun-barrel to enter. An excellent method is to have an 
opening about 3" or 4" in diameter with an upward rising flange. Four or 
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five layers of gauze can be attached over the opening with a rubber band and 
when fired through, the water splash is avoided. It is also advisable to keep 
the water level about 6" below the top of the container, The entire top must 
be openable so that a screen basket or similar method can be used to recover 
the bullet. A big disadvantage is that penetration cannot be measured, but if 
the only purpose is recovering a bullet to test for nfling and comparison with 
other bullets, this is the best method. 

Water filled plastic bags is another method of testing bullets that is 
both inventive and novel. It is nothing more than a long narrow wooden box 
filled with plastic bags that are filled with water and then sealed by 
squeezing and sliding the top closed. The box can be very simple. Just 
something to hold the bags in place. An open top is suitable. The length 
should be at least three feet long with an opening in one end to fire the 
bullet. Heavy caliber firearms may require up to six feet in length. A few 
smaller openings in the bottom will help in draining the water from the 
broken bags. The width and height can be anything suitable to fit the size of 
the bags. Penetration length cannot be measured exactly, but it can still be 
figured closely by the number of bags broken. 

Note on water testing: Both kinds of water testing may expand 
bullets that will not expand in flesh. Also, it cannot show the bullet's path, 
sometimes called a temporary cavity, or wound channel, which can give 
details that are not available from the recovered bullet. 

Barrier materials can and should be used for tests on human 
ballistics, but not for game hunting tests. Deer don't normally hide behind car 
doors and they do not wear clothing. This is one of the major differences 
between self-defense and game shooting. (Barrier materials will be covered 
in Chapter 26.) 

Regardless of what method is used, after each shot, locate the bullet 
and measure the penetration, if possible. If the method used permits it, the 
cavity can be checked for diameter al various depths and the maximum 
length determined. The shape can be important as a check for expansion 
depth, tumbling, and keyholing. Note this information and bullet type, load, 
range, and any other variable that applies, Keep the bullets separate with 
their notes. Little plastic bags are excellent, Later, they can be cleaned, 
inspected for expansion diameter and weighed to determine loss. Also 
measure the length of the remaining body. Core and jacket separation can 
also be observed. Early separation will reduce cffectiveness, but late 
separation usually has little adverse effect. 

NOTES 

* Velocity and placement are vital, but the bullet's performance on 
impact makes the difference between success and failure. Many bullets of a 
similar weight and aerodynamic shape will have a similar trajectory, and 
then be different as night and day in the way they act from impact onward. 
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+ Bullet construction is a science. Some are solid lead, others solid 
brass, some have hollow points, lead cores with copper jackets, partitions 
where the jacket extends across and divides the core into two pieces, etc, All 
are intended to penetrate deep, expand big, and retain most of their weight 
(That is, not shed little pieces along the wound channel.) 
* If all things such as weight, velocity, etc. are equal, the bullet that 
expands the most will penetrate the least and conversely. A compromise is 
usually required. 
* While bullet weight and sectional density can be overdone, most 
experts believe that for killing power, it is best to err on the heavy side. 
Weight is the required item for breaking bone. High velocity is not usually 
thought of as being as important as weight for bone smashing. It is 
important to note that this is controversial, therefore not everyone 
agrees with this statement, 
* Velocity is what causes a wound channel to expand beyond the 
bullet's diameter if we do not have expansion. In other words, a very slow 
moving bullet can punch through the body and leave an exit wound no 
bigger than the entrance wound. Higher velocity. all else being equal, creates 
a larger wound. This is easily and frequently proven. 
Ф Kinetic energy is а good point to consider in choosing a cartridge, 
but not the dominant point, The ammunition with less energy may suite the 
situation better. A bullet that goes completely through has plenty of energy 
but limited damage may be imparted to the body, especially if it passes 
through only nonvital tissue and fat. The amount of energy expended in the 
struck body is an important point to consider. If one bullet passes clear 
through. the energy it caries with it as it exits is wasted. No amount of 
energy will make up for poor placement, 
+ Rule: If two bullets have the same velocity and weight and neither 
exits the animal, they will both impart the same kinetic energy. Nevertheless. 
the actual killing or stopping power may be different. If the diameter is the 
same, the wound volume will be about the same. The bullet that expands the 
fastest will penetrate less and will release energy quicker. 
HISTORY NOTE 

It is interesting that in the early 1600's and even as late as 1720, 
several European gun makers made barrels with strange shaped bores. A 
German, Augustinius Kotter made, for example, square and triangular bores, 
along with their square and triangle shaped projectiles, Their inventors 
believed the sharp corners were more lethal than the round balls in use at the 
time. Perhaps in a way, that would have been true, except that it was a 
nightmare to properly make the projectiles to fit the bore; especially with the 
technology of their time. Also, the projectiles could not be made to spin and 
would hàve poor ballistic qualities. (Technically, with modern technology, 
they could be made to spin by making the odd shaped bore in a helical 
manner, Nevertheless, it was not practical then and it is not practical now.) 
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CHAPTER 25 
TERMINAL BALLISTICS for HUNTING GAME 


This chapter will discuss terminal ballistics for the hunter. Of 
course, everything that was discussed in the previous chapter applics here. 
The facts on kinetic energy, momentum, bullets, spin, medical information; 
they all fit here as well. 

The goal is to produce hunting trips that are successful. One way to 
help in that respect, at least from a ballistic point of view, is to use the proper 
caliber and bullet for the animal hunted. Also the best barrel and twist, 
properly sighted in for the correct range and the trajectory involved. Much of 
that is covered elsewhere in this book. In this chapter we will discuss the 
terminal ballistic factors that can help to make a hunting trip a success story. 

Some hunters base a lot of their knowledge on one memorable 
example. If they merely wounded а small deer with a .30-'06, then from that 
moment on, the cartridge is no good. The reason for failure may have had 
nothing to do with their choice of cartridge. If on the next trip, they get lucky 
with a 30-30, from then on, it is the best. This is not intended as а slur 
because it is human nature to trust what has worked in the past. 

There are frequent exceptions, but the eastern hunter normally 
shoots over short distances and through brush more than the western hunter 
does. The western hunter needs a flatter-shooting bullet for longer distances 
over more open spaces. The proper gun and cartridge for one hunter may be 
a fast light bullet for small deer. For a difTerent hunter or a different trip, the 
best may be a heavier bullet with controlled expansion for large animals. A 
22 Hornet is not good for hunting moose and neither is a .375 Н & Н 
Magnum a good rabbit gun. One difficulty is that most people don't own 
enough guns to always have one available that is perfect for the job. 

LONG RANGE PROBLEMS 

Long range shooting is not limited to target work. While hunters 
should never fire at ranges that are not practical, there are times when only 
long range shooting will do the job. An example of stupid long range 
shooting would be a deer hunter with a. 30-30 lever action at 300 yards. On 
the other hand, elk, mountain sheep and goats and a few other species are 
routinely taken at that range. This requires well-placed shots from guns with 
sufficient caliber, bullet, and trajectory. Not always, but usually a bolt action 
rifle with minute-of-angle accuracy and heavy bullets with high velocity. 

Most experts, such as Elmer Keith, agree that for long-range 
hunting, bullet weight, density, and a velocity of 2,700 or 2,800 Ёр.5. are 
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more important than a higher velocity. This is an old theory that is still good 
today. One secret is expansion. The bullet used for 300 yards has to expand 
at 300 yards. That sounds obvious, but a lot of bullets that expand well at the 
shorter ranges don't have enough energy or the proper design to expand at 
the long ranges. Remember that velacity and energy deteriorate as the range 
increases and both are usually required for proper expansion and penetration. 

If a bullet does not expand well, the larger calibers have an 
advantage because the hole is larger. Of course this is basic, but. some 
hunters forget it and try to make clean kills with unsuitable cartridges. 

For à few examples, the minimum for lighter long-range game such 
as antelope, goat, and sheep is a good expanding 150-grain bullet at 2,700 
fp.s. Once again, that is the minimum. A little more weight and velocity 
would be an improvement. The 270 Winchester, 30-06 and 7 mm, each 
with a 150 or 160 grain bullet is à minimum, 

For larger game at long range, such às elk, grizzly bears and moose, 
nothing is too big if it can be carried for a long time and can handle the 
range. A start would be a minimum caliber of about .35 and a bullet weight 
of at least 250 grains. 

The bullet's weight, velocity, and expansion properties should be in 
proportion to the range, size, and strength of the game. The big animals with 
heavy hides need to be hit with a bullet with strong penetration. For this; 
hunters prefer a heavy bullet moving slower. Increasing the velocity may or 
may not increase the resistance to penetration, It depends on which of the 
basic material groups of kinematic viscosity is contacted. (Discussed in 
Chapter 24.) The smaller animals need less penetration but more and quicker 
tip expansion, as with a hollow point, Larger game needs the tip expansion 
after deeper penetration. 

Some readers may have made clean kills with: calibers smaller or 
slower. That is fine for hunters with exceptional skill, but most of us know 
our limitations and should use a caliber of suitable type, size, and velocity, 

AL the longer ranges, an error of as small as 10% in estimation of 
the range can almost guarantee a miss. At the shorier ranges, say 200 yards, 
an error of 20% with an old 30-30 may be a problem, but it would not be 
with a .30-'06. Gravity pulls the bullet down the same amount per second of 
flight, Time of flight is important as is range and velocity. The longer-range 
shots are normally made with a magnum or high velocity firearm. Even во, 
the velocity decreases and the bullet drops. 

| Dispersion increases in proportion to range. A group that is 2 
minutes of angle or 2" at 100 vards will become 6" at 300 yards and 12" at 
600 yards. (Actually, slightly more than that.) 

_ Velocity and energy losses at long range are major considerations in 
hunting. The charts should be consulted for the ranges involved. Some 
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western hunting, for example, may require figures out to 500 yards. With 
even the best cartridge, scope, and wind conditions, 500 yards is about the 
maximum range a kill can be assured. Formulas are available for the readers 
and sportsmen who like mathematics and computer programs for those who 
don't 

Cartridges that are suitable for game at 200 yards may only cripple 
an animal at long range, All game animals deserve to be killed suddenly 
rather than wounded. As we have covered in other parts of this book, and 
will again in the next chapter, penetration and expansion are bath results of 
velocity and energy and as the velocity slows down-range, so will the ability 
to penetrate. Bullet weight can be helpful in this regard. The heavier bullet 
may arrive a bit slower but may still be more effective. If two bullets have 
both slowed to the same down-range velocity, the heavier will have more 
penetration and be capable of doing more damage, all else being equal. 

A hunter who takes all of the shots he can, no matter what 
placement or position the game is in, needs a bullet with deep penetration for 
the game he is hunting. Penetration is always important, but large animals 
such as big bears demand it. 

High velocity gives more expansion but with less penetration. It is 
important for a flat trajectory and long-range hits, but if the hunting is not 
done in long-range country, perhaps a flat trajectory is not as important. 
Much game is wounded because a hunter had a flat shooting rifle that he 
thought would hit the game at a long distance. Hitting the game and killing И 
are two different things. Many flat shooting cartridges lose too much energy 
at the longer ranges. 

(Some readers may notice that so far most of this chapter mentions 
details that have been discussed earlier in this book.) 

MATHEMATICS OF STRIKING ENERGY AT RANGE 

+ Two items are needed; bullet weight and the remaining velocity at 
the range involved. Take half of the square of the velocity multiplied by 
the mass and divide it by the acceleration of gravity. 

In other words, find from the charts or work out by math the 
velocity at range and square it. Then divide that by 2. Take the bullet's 
weight in grains divided by 7,000 to change it to pounds. Divide again by 
32.17 to convert weight to mass. Multiply this times the half af the square of 
the velocity number you found earlier. The answer is the energy. 

OR 

The 7.000 times the 32.17 times 2 equals 450,380. So, it can be 
simplified by squaring the velocity and multiplying it by the bullet weight in 
grains and then divide by 450,380 which is usually rounded off to 450,400. 
(Refer to Mathematics in Chapter 2 and Newton's Laws in Chapter 3.) 


Striking energy is not changed a great amount, from a practical 
point of view, by either an increase or decrease of up to 250-й, lbs, of 
energy. 

SKILL FACTORS 

A hunter's skill is an important factor... A skilled woodsman will get 
closer to the game by stalking so his shots will be at à shorter range. The 
hunter that hunts just a few weekends a year will need a heavier cartridge. 
This is not intended as an insult to the casual sportsman, not at all. But 
hunting is like most other endeavors; experience increases skill and the 
higher the skill level the more that can be accomplished with inferior 
equipment 

A major cause of crippled animals is poor shooting. Another is poor 
bullet selection. Still another problem is a poor selection of gun and caliber. 
(Unless we are rich enough to own a large collection of modern guns, we are 
all guilty of this, at times.) 

NOTES ON EXPANSION 

If two projectiles are made completely different in shape and 
materials, but they are both moving at the same velocity and have the same 
mass, they will both impact with the same kinetic cnergy, They will both 
have the same potential for doing damage, but the damage will bc different 
according to the bullet's diameter, construction, expansion capabilities, ctc. 

Bullet expansion is primarily a product of the bullet's construction 
and its velocity, The velocity does not have to be extremely high, just as high 
as is required by the bullet in question. 

It is important to remember that expansion can be controlled by the 
design, at least to some extent. Some bullets will expand rapidly at impact 
and others will expand at depth. Some combine the two and expand as they 
move through tissue. 

As we mentioned earlier in this book, some hunters prefer à bullet 
that exits the far side with a large hole from both expansion and hydrostatic 
shock. This usually causes major blood loss and will leave a blood trail for 
tracking. Other hunters prefer a bullet to expand fully and travel to almost 
the other side without exiting, This transfers all of the bullet's energy to the 
game but the wound channel will become smaller as the bullet decelerates 
inside the body, 

It is important to remember things that have been mentioned earlier 
in this book. One is that expansion is a result of velocity, but the velocity has 
to fit the bullet's design. Some are designed to expand at lower velocities, 
others at high velocities. Some will come apart in flight if pushed faster than 
intended. Some will expand at impact and others at depth, There is probably 
one that is just right for the job intended, but it may take some research to 
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find out which bullet it is. Manufactures literature is an excellent source of 
advice in this area. 

While Americans generally prefer expanding bullets, most African 
hunters, whether European or native, seem to prefer the full metal jacket. 
They believe the expanding bullets do not penetrate deep enough to hit vital 
organs on a high enough percentage of shots. The hard-nosed bullets keep 
their jackets and deliver more punch at the depth required. Separation is 
common with expanding bullets and this produces game that is wounded and 
has to be tracked down. Expansion is good only if the bullet has enough 
energy to penetrate and remain intact It should be noted that the African 
hunters we are discussing hunt animals that are similar in many respects to 
same North American game, Very large African game, such as elephants, are 
a different story, but the basic requirements of placement and penetration 
remain the same. 

* The bullet's jacket provides strength and the mass is provided by the 
core. At impact, the two should remain together. 

* Small game requires bullets that expand rapidly, almost at impact. 
Big game requires a bullet that penetrates deeper or has enough energy to 
punch through after expanding early. 

Expansion should never be judged on the basis of just one or two 
good shots that produced a kill with a bullet that was recovered properly 
enlarged. Too many other factors are involved. The angle the shot was fired 
from, whether the bullet hit bone and muscle or just some tissue, the range 
that was involved, the type of animal and size, and on and on. There are too 
many variables. Testing, as outlined in the last chapter, is the only way to be 
certain, Of course, reading books and magazines about tests performed by 
other people can also be helpful; it just isn't as much fun. 

RECOIL vs. GUN WEIGHT 

Muzzle energy will affect the recoil оп a firearm. (Discussed in 
Chapter 6.) & heavier gun will reduce the felt recoil or kick, but is more 
tiring to carry all day. The lighter weapon will recoil more, but 1s only a 
problem during the time involved for a few shots. Most hunters will pick the 
cartridge that is best for the game hunted and a light gun; choosing the few 
harder kicks to the all day fatigue that goes with carrying a heavy weapon. 
CHAPTER CLOSING THOUGHT 

Back in 1951, the famous hunter and gun writer, Elmer Keith, was 
quoted in The American Rifleman as saying, "I have long maintained that if a 
man cannot handle the recoil of an adequate rifle, then he should not torture 
game by using a small one." 
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CHAPTER 26 


TERMINAL BALLISTICS for SELF-DEFENSE 


This section will discuss both the special needs of police officers in 
the line of duty and private citizens who need self-defense. It is а 
continuation of the material given in Chapter 24 about terminal ballistics, 
general information. Energy, velocity, and everything that was covered in 
that chapter certainly apply here. 

The same problems are involved in self-defense against humans as 
in killing game: bullet expansion, penetration, and placement. It takes energy 
to push an expanded bullet to the depth that will be required. If the bullet 
does not expand it will go deeper, perhaps too far and exit on the opposite 
side and become a down-range hazard. As expansion goes up, penetration 
goes down. The secret is to have enough energy to do both or a bullet with 
enough frontal area to do the job without expansion, 

The experts don't agree on which is the most important, velocity, 
weight, or expansion. Perhaps the best is a good balance of all with the 
realization that for each item we gain, we lose a little of something else. 
since the trend to semi-automatics with large capacity magazines, police 
iaining has put more emphasis on the volume of shots and less on accuracy. 
Very few people believe this is right. Whether for game or self-defense, 
bullet placement is still the single most important item. 

In the discussion of best caliber, it is understood that most palice 
officers do not have a choice, They carry the weapon their department has 
issued them. For a back-up gun, a hideout so to speak, many officers can 
carry whatever they wish. Private citizens that require self-defense usually 
have a choice, 

The trick to self defense is not necessarily having the best gun, but 
just having one and knowing how and when to use it. Many people believe 
the key is the use of the correct gun. It is true that if attacked by a drug- 
crazed madman, а Colt .45 semi-auto is far superior to a 22 revolver. 5till, 
most people if given a choice, would prefer being shot at with the 45 hy a 
person who couldn't hit à bam door at 10 paces than by an calm and 
experienced gunman with a „22. Let us hope we are never in either situation 

It is best to work out these problems now. There is a huge 
difference between a person reflecting on the subject while he sits in an easy 
chair in the comfort of his home, and the man who is walking alone in a dark 
and dangerous place with his nervous hand resting on the butt of his 
handgun. 

The best advice is to pet as powerful a gun as you can handle and 
conceal, if concealment is necessary and legal. Also, it should be simple 
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enough to understand and use safely under stress. Automatics are great 
inventions, but they are not for everyone, Most people will never need a gun 
in their entire life. IF they do, it will be a life or death situation with their 
death if they don't have one. Or perhaps as bad, have one they don't know 
how to use. 

LEGAL NOTE 

It is assumed that all police officers know this, but sadly, most 
citizens do not. We are speaking of when it is legal to shoot and when you 
shouldn't. Has the man stolen you grandfather's heirloom gold pocket watch? 
Has he (штей his back and is running away? Are you mad as hell and want 
to stop him? You had better not shoot him or you will end up in jail charged 
with a serious felony. State laws are different from one to the other, but in 
almost all cases you have to believe that either your life or someone else's 
life is in jeopardy. You cannot kill to save property, only to save human life. 

This is not covered under the umbrella of ballistics, so we should 
move on to scientific areas. There is an excellent book on this subject titled 
In the Gravest Extreme by Massad Ayoob. Everyone that is involved with 
firearms should read it. 

DRUG-CRAZED CRIMINALS 

Before we delve deeper into the ballistics of self-defense, we need 
to discuss a problem that has always existed ta a small extent, but in the drug 
culture of today, it is all too common. That is the problem of trying to stop or 
kill a person who is high on drugs. 

Many of us reading this book have munds that think in scientific 
terms. In other words, we believe that in nature there are certain actions that 
are followed by certain reactions, We believe in proven facts and theories 
that sound logical and sensible. The sections on gyroscopic action and 
Newton's laws are easy because they make sense. This next little section 
defics comprehension, yet it is true. 

Uf Chapter 24 has not been read, do so, especially the area on 
Medical Viewpoints.) 

We will begin with an incident that taok place in Indiana. The scene 
opens in a restaurant that is busy with the dinner crowd. A robber with a 
pistol approaches the cashier and demands all the money in the cash register. 
Saying the crook is high ou drugs is like saying the Pope is religious. 
Apparently he was in another world. What he would do with his handgun or 
how many people he would kill was unknown and unpredictable. What 
happened next was also unpredictable. 

The restaurant owner was armed with a firearm that, from a 
standpoint of terminal ballistics, would be considered excellent. He had a 
short barreled .357 magnum revolver loaded with 125 grain jacketed hollow 
point (JHP) bullets. (A chart printed a few pages later will show an RII af 
44.4 and a ranking of no. 4. While some people will disagree with this 
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ranking and some later test resulis come out slightly different, it is still an 
excellent self-defense load.) 

A nonnal person would not be able to withstand many hits from 
such a weapon, but drugs change a body until the reaction is abnormal. 

When the crook was ordered to drop his weapon he continued to 
threaten the life of everyone around him. He then absorbed 18 hits, mostly in 
the chest, before he dropped his gun and went down. And no, that is not a 
typo or a mistake. It was reported that the restaurant owner reloaded his six 
shot revolver twice. The criminal was so high with drugs that his body did 
not respond to anything, either internal or external, 

More details of the above story would not prove helpful. But there 
is no reason to believe it is anything other than the truth. Especially in light 
of the following story. It is also very shocking and a real eye-opener. Actual 
names, dates and the location will be given so that if the reader finds it also 
hard to believe, as many will, it can be checked for truthfulness. 

This occurrence took place in Baton Rouge, Louisiana on August 1, 
1977. The facts are well known and well documented. A videotape made by 
Officer Steve Chaney, a survivor of the incident, is used in police training 
classes. И also has been written up many times in various publications. The 
account can be told as a long and interesting story, but we will keep to the 
points that have a relationship to terminal ballistics, 

Rookie Officer Linda Lawrence accompanied Field Training 
Officer Steve Chaney when they responded to a burglary call at an apartment 
in the Broadmoor Plantation. They were confronted in a bedroom by John 
James Mullery, a 6 foot, 200 pound, 42 year old Caucasian with a long 
criminal record that included kidnapping and assault. He was also, at the 
time, high from cocaine and PCP. At the beginning of a brief struggle, 
Mullery made a grab for the Officer's 4" barreled S & W model 64 which 
was loaded with 125 grain .38 Special + P ammunition. While this is not the 
most powerful cartridge around, it is a good defensive round and generally 
performs well, 

A fight for the Officer's gun ensued, and Officer Chaney realized 
that Mullery was going to win. He told Linda Lawrence to shoot Mullery. 
She was armed with an identical weapon, which she promptly used. The 
bullet hit Mullery near the wrist and did tremendous damage as the hollow 
point expanded. After he was hit, Mullery fired 2 shots into the wall. Officer 
Chaney managed to again get control of his gun and fired 2 shots directly 
into Mullery's chest with no noticeable effect. 

Mullery then turned his fury on Linda Lawrence and grabbed her 
service revolver and shot her once in the middle of her chest. She collapsed 
immediately. At this point, the struggle between the two men continued for 
the two weapons. The fight was both long and hard. At one point, Officer 
Chaney fired а shot into the lefi side of Mullery's abdomen from zero range. 
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There was no effect and the fight continued. (At this point, if you have been 
counting, Mullery had been hit 4 times with 3 in vital areas.) 

The fight for life went on. Chaney had fired a number of rounds 
into the floor during the struggle to prevent Mullery from firing them into 
him, Now he was holding an empty gun. As Mullery stabbed him and beat 
him in the back, Officer Chaney used a Dade speedloader to reload 6 fresh 
cartridges into the & & W. He then shot Mullery again, this time in the upper 
middle part of his abdomen. After a few more seconds, he shot him again in 
the top of his head. Mullery finally went down. 

Over? It should have been over a long time earlier, but as Officer 
Chaney backed away and sought support for his tired and wounded body, 
Mullery revived and stood up. At this point he had been shot many times and 
lost во much blood that he looked like a bad scene in the scariest of horror 
films. And yet he was not only alive, but also ready to continue the fight to 
kill Officer Chaney. 

Four more 38 + P hollow-points hit Mullery, two in the chest with 
no noticeable effect. Another in the abdomen also had no effect. The last 
cartridge in the officer's gun put a bullet into Mullery's pelvis and broke his 
hip. This removed a main part of his skeletal support and he went down 
again. He was still not dead, just down. Mullery tried to crawl but slowly 
died as the last of hus blood drained from his body. 

Rookie Officer Linda Lawrence had died almost instantly from a 
bullet ta the heart. She was the first female officer in Louisiana to be killed 
in the line of duty. 

The drugs in Mullery's body kept him going in a narcotic induced 
rage. This enabled him to continue with wounds that would have eventually 
killed him even if medical attention had been available. Officer Chaney fired 
nine shots at him and each scored a hit. Officer Lawrence scored a hit with 
her one shot. À review in proper order indicates strike no. 1 in the wrist, no. 
2 and no. 3 in the chest, no. 4 in the left side of the abdomen at zero range, 
no, 5 in the upper middle part of the abdomen, no. 6 in the top of the head, 
no. 7 and no. 8 in ihe chest, no. 9 in the abdomen, and no. 10 in the pelvis 
and hip. 

ч Many experts write and talk of the need for a gun and caliber that 
has enough initial cross sectional area, energy, velocity, expansion and 
penetration to stop a violent person who is high from narcotics. This true 
story should convince any reader that a drugged up person could require a lot 
to put down and much more to keep down. 

And the lessons that can be learned from Officer Lawrence's and 
Officer Chaney's nightmare go far beyond ballistics. 
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HATCHER'S FORMULA - 1935 

Much effort has been spent trying to determine a simple way to 
ascertain stopping power, Ore of the more famous is General Julian S. 
Hatcher's Relative Stopping Power formula, Published in 1935 in Hatcher's 
Textbook of Pistols and Revolvers, it was an improvement on his earlier 
formula published in 1927 in his Pistols and Revolvers and Their Use. While 
Haichers RSP formula has been replaced by modern methods, it deserves 
discussion because it does have some validity. Its main fault is omission 
because not all the important points are considered. 

Essentially, it is momentum times shape times area. The 
momentum can be obtained by multiplying mass of the bullet times the 
velocity, This is а little involved and а detailed explanation is elsewhere in 
the book. Hatcher also suggested that if the energy is known, the momentum 
can be obtained by dividing the energy in foot Ibs. by the velocity. Energy is 
? MP” so this would yield only 3 of the actual momentum. This error does 
not matter because the figures are all arrived at by the same formula and are 
a comparison. For example, the relationship of 20 to 40 is the same as 40 to 
BO. 

To briefly explain the з error, let us use a .270 Win. Mag. 150-grain 
by Weatherby. (Method 1) Divide the muzzle energy of 3,507 by the muzzle 
velocity of 3,245 to obtain 1.081. (Method 2) The 150-grain bullet divided 
by 7,000 gives 0.0214285 Ibs. divided by the gravity constant of 32,17 gives 
0.0006661. Multiply this times the velocity of 3,245 and receive 2.1614945, 
which will round off to 2. 161. The 2.161 is about double the 1.081 found by 
the other method. 


Shape was listed by Hatcher as 5 different multipliers. 


BULLET SHAPE MULTIPLIER EXAMPLE 
Jacketed w/ rounded nose .90 45 АСР 
Jacketed w/ flat point and 
Lead w/ rounded nose 1.00 ЗЕ S& W Special 
Lead w/ blunt round point 
or small flat point 1.05 45 Colt 
Lead wy large flat point 1.10 32-20 
Lead w/ square point 
and wadcutters 1.25 ‚38 Special Wadcutter 


To bring the result to whole numbers instead of a three place 
decimal, the shape multiplier is itself multiplied by 1,000. Thus the 1.05 
becomes 1,050. 

Area is the cross sectional area in square inches. In other words, 
the hole size the bullet makes. It can be obtained by x г. (3.1416 times half 
the bullct's diameter squared.) This is where the larger calibers, if all else is 
equal, can pay off big. 
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BULLET DIAMETER CROSS SECTION 


CALIBER IN INCHES AREA IN INCHES 
a 223 039 
25 250 49 
-30 -308 075 
2 .314 AT? 
9mm Lugar .354 098 
38 .358 101 
Al 406 ‚129 
45 ACP 450 159 


Ав you can recognize, if the diameter is doubled, the cross sectional 
area does not double, it increases about 4 times. The shock effect is 
increased thus. 

Hatcher's formula is called Relative Stopping Power and relative is 
a key word, И is relative from one number to another meaning comparative. 
It is not definite or positive, An RSP number of 50 will not stop with 50% of 
the shots but it will have about twice the effect as one that has a 25 RSP. 

Hatcher's formula omits the result of expansion but this can be 
estimated with a fair degree of accuracy. For example, a bullet with good 
expansion may rate à shape multiplier of 1.25 even though the actual shape 
would rate a 1.00. 

We could express Hatcher's formula by putting it in different terms 
than earlier, and yet the result would be the same. The product of mass times 
velocity times the coefficient of bullet shape and material times impact area. 
RELATIVE INCAPACITATION INDEX - 1983 

There is also the U.S. Army Ballistic Research Laboratory's 
Relative Incapacitation Index (simply called RII). The number arrived at is 
not based on a formula bul on complicated gelatin tests and knowledge of 
how wounds affect the human anatomy. The report is very detailed and 
complete. The NIJ Report 101-83 dated November 1983 is not the full report 
vet it is 119 letter size pages. (An earlier report on police handgun 
ammunition by the U.S. Dept. of Justice was thorough in 31 pages.) 

The National Institute of Justice sponsored the report to provide the 
law enforcement community with criteria for deciding what ammunition is 
most suitable. 

A computer simulation plotted the path of bullets through the body 
and arrived at a vulnerability index at 6 meters for the average shooter. 
Bullet geometry, construction, mass, and velocity were tested for 
penetration, wound formation, and relative stopping power. 

Bullets were fired from Mann test barrels rather than regular guns 
so velocities and chamber pressures higher than standard could be evaluated, 

A 20% gelatin solution in blocks was used to simulate tissue. The 
cavity was filmed by a high-speed motion picture camera that was capable of 
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10,000 frames per second on 16-mm roll film. The data was recorded and 
stored by computer. 
The relative incapacitation index was based on the formula: 


X MAX 


RIT = xA! (vulnerability index) 


X71 


The value for R^ for 1-cm. increments of penetration are totaled and 
multiplied by 7. 

The tests on bullet behavior demonstrated that it made a temporary 
cavity that was several times larger than the actual bullet diameter. This extra 
large cavity (wound channel) was of very short duration and then the cavity 
would close to а size closer to the bullets diameter. The kinetic energy of 
the bullet controlled the size of the temporary channel. The RII is primarily 
determined by the size and shape of the maximum temporary cavity 
produced in the block of ordnance gelatin. 

A chart shows a comparison of Hatchers RSP and the RII 
Hatchers figures give more advantage to the bigger diameter calibers than 
the RIL The shape multiplier is also probably not as accurate or complete as 
it could be. In all fairness to the late Gen. Hatcher, the RII index was 
developed with the aid of advanced technologies that did not exist when 
Hatcher created his RSP. Even today, Hatcher's RSP is still useful for тапу 
quick comparisons. 

From the U. S. Justice Dept. RII summary report: "With the 
exception of the full-metal-jacketed bullet, the onset of deformation occurs 
at a given velocity for each bullet construction type (a to fy: ie., a hollow- 
point bullet will begin deforming, at a velocity above 705 f.p.s. and a lead 
round nose at a velocity above 1,115 fp.s. Unless the bullet's muzzle 
velocity exceeds this threshold value, bullet deformation is highly unlikely. 
Note that these threshold velocities were obtained by flash x-ray 
photography." 
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The following table compares 20 handgun cartridges with both the RII by 
the U. 5. Government and Gen. Hatcher's RSP, Of course, it does not list 
them all. The RII tests covered almost 150 different center fire cartridges. 


RELATIVE RANKING OF RII VS. RSP 


BULLET BULLET STRIKING STRIKING RELATIVE 

WEIGHT ТҮРЕ VELOCITY ENERGY RANKING 
CALIBER BRAND (GRS) (F.F.8) (FT. LES) RII RSP ЕП RSP 
44 Mag Speer 2:00 JHP 1,277 724 549 ЕЈ i 2 
.41 Mag R-P 210 JSP 1,260 740 519 78 i a 
dd Mag Wee 240 LEW 1,430 945 5ü.0 129 3 1 
2357 Мар Speer 125 THP 1,301 470 444 56 4 11 
Jmm Lugar R-P 115 JHP 1192 363 38.0 30 5 16 
38 Spl+P Б-Р 95 JHF 1,187 297 280. 23 & 18 
AR Spl R-P 1215 IHF 1,108 341 235 3 T7 15 
357 Mag — Fed. 158 JEP 1.255 EE] 211 44 g g 
453 ACP R-F 185 JHP EEE) 329 211 59 a 7 
.38 Spl W-W 158 LHP 915 294 184 32 WwW 13 
357 Mag,  W-W 158 LEN 1,230 531 166 — 43 11 g 
AS АСР R-P 185 we 831 ZTI 147 67 12 5 
38 Spl. W-AW 153 LEW 924 300 143 41 13 10 
38 Spl. R-P 148 LWC 741 180 124 30 14 17 
ЗЕ Spl. We 158 LEN 919 296 EO 32 15 14 
45 АСР Е-Р 230 JEN 8358 358 67 62 lé ё 
45 Cott Wel 253 LFF 821 382 её TR 17 4 
-38 Spl. R-P 200 LBN 730 237 45 34 18 17 
380 ACP — W-W 95 JEN |^ — 548 190 40 18 19 19 
22 LR WV 27 LHF 872 62 2.3 a 20 20 


Abbreviations: JHP (jacketed, hollow-point), JSP (jacketed, вой- 
point); LSW (lead, semi-wadcutter); LHP (lead, hollow-point), LRN (lead, 
round-nose), JWC (jacketed, wadcutter), LWC (lead, wadcutter), JIN 
(jacketed, round-nose); LFP (lead, flat-point), LEN (lead, blunt-nose). 

This comparison table was originally published in the August 1982 
issue of the NBA's The American Rifleman and is the work of William C. 
Davis, Ir. of Tioga Engineering Company, Inc. It is published with their kind 
permission, which is much appreciated. 


CARTRIDGE RANKING BY TYPE Sam 
Over a wide range of velocities, the ranking in order of decreasing RII is: 
lead hollow point (LHP) 

Jacketed hollow point (JHP) 

Semi-wadcutter (SWC) 

wadcutter (WC) 

jacketed soft point (JSP) 

lead round nose (LRN) 

full metal jacketed (ЕМГ) 


ато en ть 
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FBI TESTS - 1989 

Now we should move on to more recent testing that was conducted 
by the FBI in 1989. This was conducted on only the larger police calibers. 
No effort was made to test .22 and .25 calibers, for example. But the testing 
broke new ground and ascertained much new information. While the FEI 
results do not sink either the RSP or the RII, they do expose some flaws. 

Regrettably, the FBI tests were the result of a deadly firefight 
between FBI agents and some criminals in Miami, Florida on April 11, 1986. 
This incident drove home what was already known but frequently 
disregarded, Essentially, that a man can continue to retum deadly fire after 
receiving a hit or even multiple hits that will eventually lead to his death. 
The key word is eventually. Incapacitation must be immediate and the 
only way to do that is to stop the central nervous system, the heart, or by 
extensive blood loss. We are discussing a high-stress situation where the 
criminal is, in effect, fighting for his life. The assailant must be rendered 
unable to use a weapon and pain alone will not da the job. Neither will à 
wound that will cause unconsciousness or death in a few minutes. In that few 
minutes he can kill the law officer or an innocent citizen, Hunting game can 
occasionally create a comparable situation. A charging mother bear that 
believes her cubs are in danger is a good example. 

(Note; see Medical Viewpoints in Chapter. 24 and Drug Crazed 
Criminals earlier in this chapter.) 

The earlier RII test placed much value on the enlarged temporary 
wound cavity. The newer belief is that human tissue is so elastic that 
after its return to the smaller cavity, по permanent damage will remain, 
Only permanent damage that is adequate will cause incapacitation. 

The testing also showed that kinetic muzzle energy isn't a 
dependable method of comparing ammo. This will require a lot of peaple 
to rethink their choices or argue the point in question. 

The FBI tests show the larger diameter bullet opens a larger 
permanent wound cavity for maximum blood loss. This is old thinking to 
many gun experts who have preferred the heavier 45 ACP type guns to the 
lighter and faster 9 mm. 

BARRIER MATERIAL 

One of the most interesting elements of the FBI tests was the 
placement of barrier material between the gun and the gelatin blocks. The 
abstacles included heavy clothing, light clothing, auto sheet metal (2 pieces 
of 20 gauge steel 3" арап.), home wallboard (2 pieces of 2" gypsum 34 " 
apart as in a normal home), one piece of 1" plywood, automobile glass (from 
10 feet at 45" and 15° angles and also 20-yards straight on). 

The goal was to penetrate into the gelatin blocks a minimum of 12" 
Sees the vital areas of the human body are deep and protected by muscle 
and bone. 
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Plugging the hole with matter in both plywood and wallboard 
stopped expansion of the hollow point. Clothing caused a reduced expansion, 
but not as much as the more solid material. Auto glass had a major effect on 
the bullets. The amount that reached the gelatin was misshapen and reduced 
in size and weight as well as velocity. Most people, including police officers, 
may have little need to try to kill someone through automotive glass. Even 
so, the test is essential for a full and complete understanding of the bullet's 
performance. 

40 rounds were fired with each cartridge type, 5 in each of 8 
different tests. For a 100% success rate, the bullets had to reach 12 " deep in 
the gelatin blocks. Only the I0-mm Auto Norm JHP 170 grain and the 357 
magnum Federal Hydra Shock 158 grain reached 100%. 

To briefly summarize the results, the 45 ACP did very well in most 
loads, as did the 10-mm auto. The .357 magnum also did well. Only one of 
the six-38 Special loads reached 90% and for the most part, that caliber 
didn't do well. The 9-mm performed about the same with none of the 5 tested 
doing better than 82.594. Statistically, the 9-mm as a group averaged 5.494 
better than the .38 Special but that is still poor by comparison. A lone .380 
ACP was tested at a 20% success rate. 

TESTING BY OTHERS 

The Justice Dept. study prefers high velocity bullets with high 
expansion. Another theory, first promoted by J. Hatcher and later by another 
well known firearms expert, Jeff Cooper, promotes the big bore weapons 
with not much concern given to velacity. Neither theory is all wrong or all 
right. There are many gray areas and both sides have ample studies to prove 
their point. 

The 1989 FBI tests leaned more toward the heavy bullet theory. 

* The U. S. Army Ballistic Research Laboratory at Aberdeen Proving 
Ground, the Law Enforcement Standards Lab at National Bureau of 
Standards, and the Law Enforcement Assistance Administration prepared a 
report in 1975 for the U. S. Department of Justice. That is certainly an 
impressive list. 

This report is quoted at several points in this text. Here it is 
sufficient ta mention that this paper does not recommend the police use any 
handgun with a RII of less than 10. They also said that an upper limit of 
between 20 to 25 "represents the upper limit required for reasonable 
reliability. This statement should not be construed to indicate, on an absolute 
basis, that an RH either higher than 25 or lower than 10 is unsuitable, 
undesirable, or unnecessary. It has been shown, many times over, that a hit 
in a vital spot by any bullet, whatever its RII, can cause death or 
incapacitation and should not be underestimated. RII deals with probabilities 
rather than absolutes, as is true with all biological measures of this type." 
End quote. 
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In reference to the statements in the previous quote, few people 
today would agree with placing an upper limit at 20 to 25, The more recent 
FBI studies do not follow that line of reasoning, 

* Evan Marshall, who was once a sergeant with the Detroit, Michigan 
Police Department and later a professor at. a Michigan college, has 
researched and tabulated the results of actual shootings. He has calculated 
ihe percentage of one shot stops from different handgun cartridges. An 
example is his rating of the 9-mm ball at about 60% and the 45 ACP with 
230-grain bullet at about 63%, Many people would agree with the 9-mm 
conclusion and disagree strongly with the low figure for the 45, 

HOLLOW POINTS 

The following is a quote from the U, S. Dept. of Justice RII 
SLUTTY тереп. 

"Numerous arguments have been raised concerning the use of 
hollow point, semi-wadcutter and other variations of the traditional round- 
nose lead bullet. Opponents of change have quoted reports that the other 
bullets cause more severe wounds, are not permitted in international warfare, 
are dangerous to bystanders, etc. Some medical examiners have stated that 
they find no differences in the nature of the wounds caused by different 
bullet types, but these judgments are not widely known or accepted." 

"The argument that these bullets are in violation of the Hague 
Convention has been countered by the assertion that only full-jacketed 
bullets may be used under these rules, and that the traditional police bullet is 
also not in accord with the Convention. The fact that full-jacketed bullets 
have a greater ricochet potential than lead bullets is rarely considered.” 

“The myths should be dispelled. State and local governments should 
be able to make their decisions on the basis of solid fact, Bullet selections 
should be made with due regard to their effectiveness against the criminal, as 
defined by their incapacitation potential (not their lethality), and with 
maximum safety to the general public," End quote. 

As the FBI testing has shown, a bullet fired through a barrier 
scldom performs on the opposite side as it would if no barrier was involved. 
Steel, wallboard, plywood, cloth, and glass are all problems, While a hollow 
point may smash through with ease and in some materials with little velocily 
drop, the hollow point will be plugged and expansion prevented. It is 
amazing how a thin piece of cloth, for example, can completely plug a bullet 
so it will not perform as expected. Even a shirt can change penetration and 
expansion; heavy winter clothing almost always will. Remember, we are not 
кашы the пор stopping the bullet as with soft body armor (a 

ulletproof vest), but changing it so it will not have proper stoppii 
for self-defense. СЕ аласал ease 

We must remember that a bullet is treated to an enormous amount 

of force and stress as it crashes its way through most barriers, 
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The full metal jacketed bullet, as used in the 45 ACP, among 
others, has a dangerous potential for ricochet and, in some calibers, over- 
penetration. The 1975 Dept. of Justice report says, " ....full-jacketed bullets 
have a greater ricochet potential than lead bullets ...." Also, "A hazard to 
innocent bystanders can occur if the officer misses his target or if the bullet 
over-penetrates the target and exits with sufficient velocity to inflict a 
wound, With regard to the latter, over-penetration can occur if the bullet 
velocity is too low (absence of deformation) or it is too high." And also, 
"The hazard due to ricochet decreases as the frangibility of the bullet 
increases," The hollow point is decidedly more frangible than other types 
including the round-nosed lead bullet without a jacket. This last is 
paraphrased from the same study. 

For defensive purposes, a hollow point is generally best and it is not 
a cruel and inhuman bullet, as some anti-gun people will say. It will do better 
at stopping the intended person and is less likely to ricochet or penetrate 
walls. Imagine trying to shoot a drug-crazed rapist in an apartment and 
missing the victim and the bullet ricochets from an ashtray (or whatever) and 
kills the girl being victimized. Or just as likely with some bullet types, 
peneirate 2 or 3 walls and a refrigerator and still have enough energy tà kill 
an innocent person several apartments down the hall. 

Shotguns аге excellent for home use. Rifles are likely to kill 
someone 5 blocks away after going through à few walls. (If that's all you 
have and someone is breaking in, use it with care, as we should with all 
weapons.) With handguns, it is hard to go wrong by following the FBI's 
choice in ammo selection. A defensive bullet requires some thought. Not all 
ammo is suitable for all uses. 

One manufacturing firm has developed a bullet with a patented 
design built for maximum expansion and penetration al normal velocities. 
Based on tests and criteria from the FBI, this bullet design is a large 
improvement over the previous hollow-point and similar concepts. 

This new design is a metal-jacketed bullet that has the jacket 
extended into the hollow point. The jacket is thicker at the nose. Three slits 
cut completely across the hollow-point form six sections, These slits reach 
down into the hollow end. It expands quickly and has good expansion even 
after going through most barriers. The six sections fold back during 
expansion so they look like petals on a flower. 

The expansion does two things whether in a dangerous criminal or 
in game. It enlarges the wound channel, which does more damage and it 
prevents the bullet, or it reduces the chance, of it exiting the other side. In 
regard ta wound damage, remember the bullet will be spinning very rapidly 
and the pieces of bullet protruding out from expansion will be spinning as 
well. Although the rotation will stop very quickly, the damage will be 
increased a small amount, (See Chapter 24.) 
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An interesting note on the patented bullet design just mentioned; the 
factory has discovered that each caliber has a velocity that is best for proper 
performance. A variation of as Пе as 70 f.p.s. above or below that optimal 
velocity and efficiency will drop. Also, all of the best speeds are below 1,000 
Ép.s. In many cases, a pistol bullet used primarily at short range does not 
require a high velocity. 

Many hollow-point bullets, including the most modern jacketed 
types, won't expand properly below 900 fps. Some won't expand well at 
1,000 f.p.s. or more. Some factory ammunition has a muzzle velocity below 
this amount. Others leave the muzzle at a suitable velocity and drop below it 
in 50 yards. Proper expansion requires proper velocity, but this will differ 
with design and caliber. This expansion velocity is generally thought to be 
between 900 to 1,000 f.p.s. While this is true in many examples, there are 
always exceptions. (Confusing, isn't it.) 

Accuracy is more important than caliber and stopping power 
figures. A .22 is more effective than a 44 Magnum if the shooter can put all 
his shots where they are needed, but can't hit the famous barn door with the 
hard kicking, loud sounding big bore. It must be kept in mind that self 
defense is not like big-game hunting. Proper defense requires that at 
feast 2 shots be fired in rapid double action, Even more are now common 
since the double tap is no longer taught. 

This text has frequently used the word compromise, and it is 
appropriate once again. There isn't a thing wrong with a good .38 Special 
with Winchester 158-grain lead hollow point ammunition. This will expand 
to about .50 to .70 caliber and is manageable by а 95-16. woman. (No 
discrimination intended.) 

HOLLOW POINT LEGALITY 

The discussion of hollow point bullets brings us to à subject that 
needs clarification, Some people try to convince us that the Geneva or Нарис 
Conventions make it illegal for shooters to use hollow point bullets. That is 
wrong!!! 

The Geneva Convention in Geneva, Switzerland was held in 1864 
and 1868 to discuss sick and wounded soldiers. Later, in 1906, the 
agreement was revised, The Red Cross brought inta existence these meetings 
that had nothing to do with ammunition. Also having nothing to da with 
ammunition was the Geneva Conference of 1927, which dealt with naval 
armament and the 1932 World Disarmament Conference, held in Geneva, 
which considered limitations of military personnel, expenditures, etc. 

l Meetings in ihe Hague, Netherlands in 1899 to discuss peace and 
universal armament among nations dealt with poison gas, expanding bullets, 
submarine mines, aerial bombardment, etc. Another series of meetings were 
held in 1907. While there was some significance, they were generally 
considered a failure. What practical value is there in saying that war is okay? 
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It is fine to go out and kill one another but it must be done in a humane and 
kind manner. The United States did not sign the agreement. 

Nevertheless, this all dealt with military and war and had no bearing 
whatsoever on the choice of bullet in a self-defense weapon. The U.S. 
Government bans some bullets because their purpose is to stop or kill a 
person and they do it too efficiently with less overpenetration and ricochet 
danger. Does this make sense? 

BULLET VELOCITY 

There are several reasons why many experts believe the most 
important attribute of a moving handgun bullet is its velocity. 

(1) The size of the wound channel depends partly on the striking 
kinetic energy, which is based on one half of the mass times the velocity 
squared. e-(M/2) wx 

(2) There is a threshold velocity, below which a bullet will nat 
deform and deformation greatly affects the size and shape of the wound 
channel. 

However, it is important to understand that the striking kinetic 
energy cannot be used as the sole criterion for ranking handgun bullets. 
BULLET MASS 

The mass of the bullet affects the size and shape of the wound 
channel. A lighter bullet will slow down more rapidly in the target medium 
and a heavier bullet will penetrate further. Once again, it is the location of 
the wound channel with respect to the vital organs that produces varying 
degrees of incapacitation. 

NOTE: The next few paragraphs covering bullet velocity, mass, 
shape, construction and accuracy were paraphrased from the D. 5. 
Department of Justice Evaluation of Police Handgun Ammunition 
Summary Report. 

BULLET SHAPE 

The effect of the bullet shape (bluntness of the nose) is important 
only in that it establishes the initial value of the hydrodynamic drag 
coefficient, Cp (C). This coefficient enters the RTI formula for the Maximum 
Temporary Cavity (wound channel) and it is also a part of the formula for 
the threshold deformation velocity. At velocities too low for expansion to 
occur, Cp is a constant and the effect is that blunter bullets yield higher 
values of RII. The wadcutter has the largest value. 

At velocities sufficient to cause expansion of the bullet, the drag 
coefficient changes as the bullet deforms. Bullets with smaller initial values 
af drag coefficients can deform in such a way as to out-perform those with a 
higher coefficient. 

BULLET CONSTRUCTION 

Deformation of handgun bullets depends strongly on both velocity 
and construction. Construction involves principally whether the bullet is 
jacketed or not, the length, thickness and hardness of the jacket material, the 
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presence of hollow noses, cavities or hollow bases and the hardness of the 
lead. Construction also directly affects fragmentation of the bullet in both 
hard and soft targets. 

SHOOTER ACCURACY 

It is important to stress that no matter how perfect a bullet is from 
the point of view of ballistics, if it either misses the target or strikes it in a 
non-vital area, incapacitation will not happen. If the subject is high on drugs, 
this тау be more difficult than anticipated. 

MINIMUM TO BREAK THE SKIN 

The human body's outer covering, the skin, must be penetrated 
before a bullet-sized projectile can reach the fatty tissue and internal organs. 
The О. S. Army has determined that a velocity of 170 f.p.s. is required by a 
blunt or spherical projectile. Thin summer clothing will increase the figure to 
about 200 f.p.s. Winter clothing requires even more and the cloth can plug а 
hollow point, as was just explained, making it ineffective. 

HANDGUN & RIFLE SHOT PELLET LOADS 

Another self-defense load is a cartridge made for handguns and 
nites that fire numerous birdshot pellets instead of a single bullet. There are 
several brands available; some using just the shot charge for the projectile 
and others including a hollow point slug along with the pellets. The same 
legal problems and hazards to bystanders are involved. 

From a ballistic point of view, most brands have ample velocity and 
energy to be effective at short range. (They are terrific protection in snake 
country.) They have a high cost and create feeding problems in some semi- 
automatics. Never change ammo without testing for proper gun operation, no 
matter how great the ballistics seem to be. 

DEFENSE WITH SHOTGUNS 

There is little dispute over the defensive capabilities of a shotgun 
but there is frequent debate concerning the best type of weapon or load. A 
study of ballistics may place some light on the choice of shells. The gun 
itself is a more personal decision. 

Perhaps because of Hollywood movies and high adventure novels, 
most people believe that 00 buckshot is the best anti-personnel (self-defense) 
round. It also is the standard of the U.S. Army Military Police. It docs sound 
impressive. The pellets are .33" in diameter and in a standard 22" load, 9 are 
fired at a muzzle velocity of about 1,325 f.p.s. That will drop to about 965 
f.p.s. at 50 yards. Many people believe 9 are not enough pellets to expect 
more than one or two to hit the opponent. Preventing him from returning fire 
is not as likely as it would appear, Remember that the one or two hits have to 
be in a vital area with good penetration to be effective. 00 buck at close 
range Over penetrates and at range is spread out too much. 

The 12 gauge (00 buckshot in a 22" Magnum shell has 12 pellets and 
à lower initial velocity of 1,290 Lp.s. The 12 gauge 3" Magnum carries 15 
pellets and a still lower muzzle velocity of 1,210 f. p.s. 
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In a standard 23" gun, possibly the best is No. 1 buckshot. At a 
diameter of 300" and а muzzle velocity of 1,325 f p.s., it is no slouch and 
with 16 pellets, the pattern is not as open. The 50 yard velocity drop, due to 
less pellet weight, will be a slight bit lower at about 900 f p.s., but that is not 
so important, (The ballistics are poorer because (0 buckshot weights 53.8 
grains and no. 1 buckshot weights 40.0 grains. 

The modern trend is to use No. 1 buckshot in a gun that uses 23^ 
shells. If 3" Magnum can be used, then 00 buckshot with 15 pellets per shell 
is practical; but No. 1 buckshot at 24 per shell is even better, 

Open chokes are common for police and self-defense shotguns, but 
many people who have carefully studied the use of shotguns against humans 
prefer the full choke. И cuts down on danger to innocent people in the 
Vicinity, which is very important, and will slightly extend the effective range. 
There are many regions of terminal ballistics that are disputed and the 
choice of choke and shells for police and self-defense are strongly 
debated. Nevertheless, a 12 gauge full choke with No. 1 buckshot in 23" or 
in 3" Magnum, either 00 or No. | buckshot, would be an excellent choice. 
PSYCHOLOGICAL FACTORS 

There are several unusual psychological phenomena associated with 
a gunfight. The brain begins processing images and thoughts at a rate much 
faster than nonnal and creates the illusion of slow motion. Movie directors 
frequently try to create this sensation during scenes af violence. 

Repeated training for emergency situations pays off in big ways. 
Police officers, pilots, military personnel; anyone can benefit from training 
that is done aften enough to become habit, Under the stress and excitement 
of a firefight, things such as aiming, safety removal, hold, and stance, 
reloading: all will be done as training has taught if it has become a habit. 

Concentration on the act of survival will be so strong that all other 
sensory perceptions will be excluded. Most gun fight participants either don't 
hear their own gunfire or remember a .45 as sounding "quiet" or "like a mild 
pop sound." 

CONCEALED WEAPONS 

It is important with a concealed weapon to have enough firepower 
іо stop an attacker. That is basic, Still, there is a valuable place for the 
compact .22 and .25 ACP. For much of the year, people in the southern 
states dress so that concealing a weapon is difficult. Even the smallest gun 
can become a problem to keep hidden. At times, the same is true for the rest 
of the country. | 

The small calibers do not have the stopping power of the bigger 
guns unless the bullet hits at least one of a few vital areas, That is true. But 
the experts who object to someone carrying what some people call à "mouse 
gun" would not want to be shot with one, and if the shooter is a coal expert, 
so much the worse. The small caliber gun is not as effective as a larger one, 
but better than nothing in a defensive situation. In some instances, no shots 
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need be fired. Just the presence of the weapon is enough to defuse a tense 
situation. From the standpoint of simply staying alive, it is better to have a 
small gun than no gun at all 

Now that the good points about a small and easily concealable 
handgun have been mentioned, here are the bad points. 

Hits їп vital areas may nol be as serious as would be expected. 
Heart shots from small caliber weapons may not be fatal and frequently are 
survivable, even from heavy caliber weapons in the .38 and above class. 
(Heavy as opposed to 22, 25 ACP, .32, etc.) They not only can be 
survivable but also are poor for creating sudden incapacitation. The heart is a 
remarkable muscle with great resilience. The conclusion is obvious, A heart 
shot may not prevent an armed opponent from returning deadly fire. Even if 
the shot is effective enough to stop the heart, the brain may have enough 
oxygen to continue to function for as long as 15 seconds before 
unconsciousness. Án opponent need not be on drugs to return fire. The 
output of adrenaline or epinephrine may be stepped up enough from 
excitement, fear, or anger to keep the body responding. Frightening isn't it! 
EARLIER POWER CARTRIDGES 

Smith & Wesson introduced the .357 Magnum cartridge in January 
of 1935. It was widely acclaimed at the time as the most effective revolver 
cartridge ever made. Those that love the .45 ACP and similar large bore guns 
would argue that point. Even at that time in firearm history, a person armed 
with the .44 Special, .45 ACP or .45 Colt, to name à few, was able to defend 
himself very well, 

THE 9-mm SITUATION 

Many police departments have changed to the 9-mm semi- 
automatic handgun. From a ballistics point of view, the reasons for this 
change are not clearly understood. It is basically a light bullet moving at 
more velocity, which has some advantages and some disadvantages. Once 
again, from the point of view of ballistics, the disadvantages are far stronger. 
Of course, there are other reasons that have nothing to do with ballistics, 
such as the cartridges are relatively small and a large amount can be placed 
in а clip. This gives an abundant amount of shots before reloading, The 9 
пип also has low recoil and a lower sound level as compared to the bigger, 
heavier calibers that may (or may not) move slower. 

One of the biggest problems created by the police change to 9-mm 
semi-automatic pistols is that many officers today are not taught restraint, 
And this is on both a local and national level. Many people who received 
their firearms training in the past, both with revolvers and the Colt 45 model 
1911, were taught the double tap. Put two rounds into the assailant and stop, 
or at least hesitate, and observe his response, If more strikes are required to 
da the job, then add a few more and check again on the reaction. 

Now-days, it is common for an officer to empty a 13 round clip 
toward someone, generally spraying the area, and in some cases, reload and 
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fire some more. This not only increases the danger to bystanders, but what 
does it say for the officer's training, shooting skill, and response under 
stress? The double tap may be too little in many instances, bul 13 to 26 
rounds? If the reader is now wondering what this has to do with ballistics, it 
has plenty. This mentality started along with the change to the 9-mm 
cartridge and the semi-auto. The semi-auto, with proper training, proper 
design, and proper manufacturing, is a fine weapon. If the 9-mm requires 13 
hits to pul someone down who is not drugged up, perhaps it is a poor choice. 
The FBI and other tests clearly show that from a ballistic point of view, there 
are better choices. 

The 9-mm and the RII charts can be best explained by a quote from 
the U. S. Department of Justice summary report. "Many of the 9-mm 
cartridges place high because of their high velocity, and not necessarily 
because they expand." 

Some experts believe a lot of the erroneous information about both 
the 9-mm pistol and the .223 M16 rifle. Disregarding the weapons and their 
mechanics and dwelling strictly on the cartridge ballistics, neither is as good 
as what they replaced. (The .223 replaced the 30-06 and the 9-mm replaced 
various .45 ACPs and .357 magnums.) 

MODERN TRENDS 

Since the earlier editions of this book, many federal and local police 
agencies have began to swing away from the 9-mm. We see a lot of .45 ACP 
in newly designed handguns that have improvements (7) over the Colt Model 
1911. Also the 10 mm, 40 S&W, 41 Rem. Mag, and several others are 
making inroads into police departments nationwide. This is all for the best, 
in most cases, because our police need the best cartridge that is available, 
and while the 9-mm is good, it is not the best, At least from a ballistic point 
of view. 

(The reader should keep in mind that in the above discussion about 
self-defense calibers, the only criteria considered were the ballistics of the 
cartridge and caliber, No consideration was given to the gun itself, such as 
various models of different brands.) 
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CHAPTER 27 


MISCELLANEOUS BALLISTIC INFORMATION 


BALLISTICS OF LONG RANGE SHOOTING 

The ultimate in precision shooting is the 1,000-yard range, and the 
accuracy obtained is nothing short of astounding. The best shooters can 
obtain groups of around 43" to 43" with 10 shots at 1,000-yards. To truly 
understand this feat, measure off 1,000 yards (3,000 feet or slightly over 
9/16 of a mile), Or, simply lean a small pocket size book against a tree and 
watch your car odometer as you drive 54 tenths (.55) of a mile. Stop. and 
look back. Unless the tree is of a decent size, the average shooter probably 
couldn't hit the trunk in scveral shots. And without a good scope, most cyes 
will have trouble even seeing the book. 

At 1,000-yards, all laws of ballistics appear to be exaggerated. Time 
seems to stand still as the bullet flies lazily - or so it seems - toward the 
target. The wind plays cruel tricks that a demented magician would be proud 
to brag about. Some shots wander off onto some far off trail and are never 
seen again. The very slightest variation in cartridge loading or the faintest 
beat of the heart can send the bullet jumping like a Texas rabbit. The same 
spirit of adventure that drives a person to climb a shear ice cliff in the Swiss 
Alps must also drive the 1,000-yard shooter. 

NOTES: Handloading for long range shooting requires extreme 
care and dependable consistency. 

Heavy bullets with high ballistic coefficients, such as spitzer boat- 
tails, receive praise for their excellent long-range performance. 

Some computer programs give minutes of angle (MOA) at these 
long distances to permit а scope to be set close enough to mark the target on 
the first shot. (Hopefully!) These ranges can require huge MOA adjustments 
in elevation. 

POWDER POSITION IN CASE 

If there is an air space inside the case where the powder does not fill 
all the available room, testing has shown that improved accuracy will result 
if the powder's position is always the same. Some shooters hold the muzzle 
up and shake the gun to position the powder at the rear. Others hold it 
horizontal and shake it to level the powder down in the case. The Frankford 
Arsenal conducted tests on this subject with the MI ball cartridge. Three 
positions were tested with 10 rounds each, which was enough shots to give a 
reliable conclusion. The highest velocity and highest pressure was with the 
powder position to the rear. With the powder evenly distributed level gave 
the middle velocity and the middle pressure. The lowest pressure and 
velocity was with the powder in the forward position. The velocity 
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improvements were about 20 f.p.s. each. The pressure increase between the 
lowest forward position and the level position was 1,270 p.si. and the 
increase between the level position and the rear position was 2,265 p.s.i. Of 
course, only a top shooter on a long range will notice any difference, but for 
top accuracy, it does pay to always position the powder the same way. 
COLLIMATORS 

Collimators are used to bore sight firearms; that is to align the bore 
and the sights to a target. With a bolt action rifle, the bolt can be removed 
and the target can be seen through the bore, The collimator permits 
something similar to be done on any gun only faster and more accurately. 

A collimator is an optical system with a short tube with a lens at the 
end toward the shooter and a frosted piece at the other end, The lens focuses 
on a grid that while it is actually very close and tiny, it appears to be 2 feet to 
6 feet square and 100 yards away. The unit 15 mounted above the muzzle end 
of the gun and held to the barrel by a їшї, also called spud or arbor, which 
fils inside the bore. This aligns it properly and the sights are then adjusted 
parallel to the bore. By the use of trajectory tables for the cartridge used, the 
sights can be further adjusted to impact the bullet at the intended point. 

Caution is required in several ways. The image is backwards 
(reversed) and the adjustment movements are also reversed. Up and down 
and left and right are all backwards. The second caution is that some units, 
even when new, are hard to focus and inaccurate. 

The final adjustment with the trajectory tables requires knowledge 
of the height of the sights above the centerline of the bore. Multiply the mid- 
range trajectory by 4 and add this amount to the sight height. Convert the 
answer to minutes of angle for the amount to raise the sight. At first this may 
seem wrong because the sight line will point below the bore and collimator, 
but it is correct because it elevates the muzzle. 

The reason the mid-range trajectory is multiplied by 4 is the drop is 
roughly 4 times the mid-range height. Drop is not given in all trajectory 
tables. A minute of angle is roughly | inch for each 100 yards. (These 
subjects are covered in detail in other chapters. See the index.) 

Test firing is still needed for a final finish adjustment to compensate 
for barrel jump and whip and all the other events discussed in internal 
ballistics. At short range, bore sighting without the sight elevation may be all 
that is needed, That is not to say that test firing should not be done properly. 
While it is true that in rare cases, no more adjustment will be needed, testing 
is always beneficial. Remember, not all units are accurate. 

A collimator can also be used to keep a check on sight alignment 
and impact point, Damage to alignment from bumps and falls can be 
checked without a shot being fired if before the mishap, the relationship 15 
noted between the collimator and the sights or scope. After a long trip to a 
hunting location, this method can find any damage caused by bumps and 
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rough handling. Little changes may not show up, but the really troublesome 
problems will. It may prevent failure and save a hunting trip. 

Changing telescope sights 15 another place where a good "bore 
sighter" can be handy 

This discussion is for basic knowledge only. Follow the factory 
directions with your collimator, 

RAIN 

While rain can make a hunt or a day on the range miserable, it has 
little or no effect on the projectiles, The statistical probability of a tiny bullet 
that is in the air for such an incredibly short period of time striking a 
raindrop is thought by many experts to be small. If it contacted a drop or two 
or even a thousand, the trajectory or gyroscopic stability is not affected. At 
least not that testing by the U. S. military has discovered. Of course in 
testing, it is not possible to determine which bullets hit a raindrop and which 
did not. (Unless shots are fired through a stream of water, but this will 
greatly exceed the proposed problem.) The chronograph and targets showed 
no difference. 

Target shooters frequently do better in a light rain, but this is 
thought ta be caused by the calmer wind and lower barometric pressure. The 
advantages of a light wind are obvious, Rain usually occurs during low 
barometric pressure readings. As we have discussed carlier in this book, the 
lower pressure means less air resistance because of less density. In other 
words, the air is thinner. Supposedly, a 1" reduction in barometric pressure 
will increase the bullet's ejfective ballistic coefficient by about 34%. This is 
the reason the strikes will be higher on the target. Note that the effective 
ballistic coefficient is changed while the actual ballistic coefficient remains 
the same. However, what counts at any one time are the effective conditions 
al thal very moment in time. 

While the humidity will be higher during a rain, this has very little 
influence on ballistics or a trajectory. 

Some target shooters prefer a cloudy day because it reduces or 
eliminates the glare on the target. This improves the sight picture and the 
ability ta set their sights on the bull’s eye as desired. 

REPORT, as in NOISE 

There are several causes of the loud noise, sometimes called а 
report, First, there is the muzzle noise, which is caused by three effects. (Put 
оп your boots, this is going to get deep.) (1) The air or propellant gas 
discharge preceding the bullet, This consists mostly of the precursor wave 
phenomenon and the propellant gas blow-by. (2) Projectile emergence and 
abrupt volumetric displacement of the air mass by the projectile at the 
weapon's muzzle. (3) The air or propellant gas discharge (or inflow) that 
follows the projectile’s exit. This consists essentially of the initial uncorking 
of internal system pressure, the subsequent discharging jet turbulence, and 
the effects due to reflections of these inside the System. These three sources 
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are relatively independent of each other. Second, there is the bow wave and 
smaller following waves from a supersonic projectile. 

A bullet moving in a gun barrel compresses and accelerates the air 
directly in front of it. Bullets that are subsonic (below the speed of sound) as 
well as supersonic (over the speed of sound) create a shock wave while they 
are still inside the bore. This precursor wave will reach a pressure of several 
atmospheres. As il exits the barrel at the muzzle, this wave will make а 
sound that an instrument will show begins loudly and decays with a 
pulsating, saw-tooth noise, 

The hot propellant gas discharging into the atmosphere after the 
bullet's exit is the main source of muzzle noise. This noise is similar to the 
sound described above, but much, much louder. These gases are equal in 
weight to the powder charge and although they have expanded considerably 
by the time they exit the muzzle, they still have considerable pressure. They 
expand freely when released and generate a shock wave. lf the bullet is 
supersonic when it exits the muzzle, the spherically expanding blast will pass 
the projectile within a few feet from the muzzle. This ballistic crack is 
confined to about a 130-degree cone toward the front of the weapon. 

In some firearms more than others, gases leak past the bullet while 
it is still in the barrel. This is called blow-by. (The same term is used in 
automobile engines with bad rings or valves.) Whether in an engine or a 
barrel, it is caused by too much clearance. This blow-by makes a separate 
noise, which is technically a positive shock followed by pressure decay. 
Instruments can detect this as a separate sound with a subsonic bullet. In the 
case of a supersonic projectile, the blow-by noise is merged with, rather than 
preceding, the main discharge sound. 

Theoretically, a steady volume of gas discharging into the 
atmosphere should not make much noise. Item three, above, mentioned that 
it does, and this is due to turbulence, vorticity, and reverberation within the 
orifice (barrel muzzle, in this case). Jet engines are an excellent example. 

Of course, the time involved for all this noise will be very short and 
to the human ear, all of these sounds will appear as one noise. 

A large powder charge in a short barrel is very loud. A smaller 
powder charge, especially in a longer barrel, will be much softer. 

One loud sound that the human ear can determine as separate, 15 the 
secondary noisc from the passage of a supersonic projectile through the air. 
A bow wave, along with numerous less intense waves, makes a distinctive 
crack sound. This is the same aftereffect as the sonic boom created by a jet 
aircraft travelling faster than the speed of sound. Near the shooter's position, 
this noise is not distinguishable from the other sounds because it is heard at 
ithe same instant, From positions down range, the two sounds are heard 
separately, with the sonic crack heard as the bullet passes and the muzzle 
report a short time later, The .22 long rifle bullets with a muzzle velocity in 
the 1,320 f p.s. to 1,370 £p.s. range can have a strange variable sound. This 
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is because they leave the gun at а velocity that is above the sonic velocity so 
they make a noticeable crack. However, they only have to decelerate a few 
hundred f.p.s. to drop below sonic speed and become quieter. Amy projectile 
in this velocity range will experience this odd effect. 

There is a flight noise created by a subsonic bullet in flight that can 
be louder than expected. It could be described as a swish, first increasing and 
then diminishing in intensity. Its turbulence-initiated noise has a random 
quality. Several things create it, but the most important is the shear forces 
that accelerate the air within the boundary layer into a vortical spin. 

TAPED MUZZLE 

A piece of electrical or masking tape stuck over a rifle muzzle while 
hunting is a good idea. It is both safe and practical. Chronograph tests have 
shown a drop of from zero to 3 or 4 f.p.s. This drop is so small that it cannot 
be confirmed because the ammunition itself will vary by that much, No 
change in accuracy is noted. 

In all probability, the air in the barrel that is pushed out ahead of the 
bullet will blow off or through the tapea microsecond before the bullet even 
touches it. 

Why cover the end with tape? It is not unusual for a hunter to bump 
a barrel in such a way as to force in mud, a rock that can become wedged, or 
any of numerous other obstructions, It also is not rare for ice to form in the 
end of a barrel. Then the barrel is blown out and destroyed when a cartridge 
is fired. In rainy weather, the water can enter areas that may rust and be 
damaged even if the temperature is too warm for freezing, But the tape is 
like many things in life and can be overdone. One piece is good protection 
with no problems and one at a time is enough. 

MUZZLE-LOADING GAUGE DETERMINATION 

Antique muzzle-loaders were not all made to conform to any 
established standard, but it still is easy to determine the gauge. Following the 
simple steps listed in the latter part of Chapter 21 will do it. That is the 
chapter about shotguns, and the method is the same. 

PERSONAL COMPUTERS 

One of the many miracles of modern times is the low cost personal 
computer, Programs can be purchased for almost апу conceivable subject 
from А to Z: astronomy to zoology. 

Many excellent programs are available for ballistics. Included are 
programs on trajectories, recoil data, rifle barrel twist, and on and on. The 
National Rifle Association even has a program that can be copied for 
personal use at no cost. (Copyrighted material for NRA member's personal 
use only. The author highly recommends NRA membership. Contact them 
for information.) 

This book is an excellent companion to compuler programs. The 
computer can work problems and print out huge amounts of information in 
seconds that would take a math whiz a week, The problem arises when 
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someone purchases a computer program without understanding the 
principles of ballistics, Many computer owners feed information into their 
computer as requested, but they do not understand why that particular item is 
needed. 

Readers of this book, with just a hand held calculator, can do much 
of the work done by a computer with a ballistics program. And a great deal 
of the facts that can be determined from this book are not in computer 
software. 

For an accurate answer, there is one area of exterior ballistics where 
a computer is almost a necessity. Trajectories involving ballistic coefficients 
require cither a computer or complete tables. These tables are too long and 
involved for inclusion in this book. (See the Index for more on this subject.) 

Speed is the computers forte; also accuracy if it has been 
programmed correctly. For those who can afford the cost, home computers 
can be justified. If you have this book, a calculator, and some spare time, 
you'll do just fine with most subjects and what is more important, learn 
something in the process. 

HUNTING 

If a shooter can obtain bench-rest groups of 2", for example, al 100 
yards, he will probably not be able to equal it in the field. Cross winds, 
elevation problems, range estimation, poor position, all of these and more 
will probably double it to 4" at 100 yards. This will be an 8" group at 200 
yards, a 16" group at 400 yards and a 24" group at 600 yards. Even at 400 
yards, this is too large to promise a hit in a vital arca. - 

Study the trajectory charts for your cartridge. If long range shooting 
is expected, the gun should be sighted-in for a longer range. Many hunters 
have a gun sighted for 200 yards and think nothing of taking a 500-yard shot. 
They are afraid that if they change the zero to 350 yards, for example, the 
bullet's trajectory will be very high at the shorter ranges of 100 or 200 yards. 

They are right in that it will be higher, but for most cartridges 
suitable for long-range work, it won't be too much high, A look at a chart 
will show that holding low a few inches will be easier than holding high a 
few feet. Note the sentence said a suitable cartridge for long range work. 
While many of us love the old 30-30, for example, it and others are not good 
long-range cartridges, no matter how they are sighted in. 

Always use a cartridge and gun that is suitable for the range 
involved. And what ever happened to stalking? Now, in legal terms and the 
media, stalking has taken on a whole new and sinister meaning. In the 
woods, it is still a skill that every hunter should be proud to possess. While a 
hunter can brag of the game he killed with one shot at 500 yards, he can be 
as boastful if he can stalk the range down to half or less. 

Long range hunting shots should never be made in a strong wind. 
For example, with the .30-'06 Federal 150-grain bullet, a 10 mph 90° cross 
wind will blow the projectile off about 4.2" in 200 yards: no problem there. 
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Аі 500 yards, it will be about 31.2", That is а major concern. Add to that 
situation the fact that a wind 15 usually gusty and can be much more than 10 
mph, and the best estimate of the wind between the shooter and the target 
will be just a guess. 
BULLET PENETRATION of VARIOUS MATERIALS 

The amount of material a bullet will penetrate is usually much more 
than is generally believed. The following table is the minimum cover 
thickness that will protect a person from ‚30 cal. fire, as determined by the 
U.S, Army. 


COVER MATERIAL THICKNESS IN INCHES 
Concrete at 5,000 p.s.i. T 
Dry sand 24" 
Wet sand 36” 
Oak logs 40° 
Earth, hard packed AR" 
Earth, compact, undisturbed 52" 
Earth, freshly plowed 56" 
VERTICAL SHOTS 


Firing vertical shots is a subject people find interesting, although it 
has very limited practical value beyond the obvious safety considerations 
and scientific curiosity. 

A bullet fired straight up will return to earth at a much lower speed 
than it left the gun, Going up it stays point first (mostly) with gyroscopic 
stability imparted by the rifling grooves in the barrel. The upward velocity 
drops at the beginning because of gravity (about 2% of the decrease) and 
drag (the 98% balance). Gen. Julian S. Hatcher stated that air resistance 
slowed a vertical shot 60 times as fast as gravity. The exact amount is not as 
important as the knowledge that gravity is a minor player on the upward 
flight. As the velocity decreases going up, the drag also decreases. The 
deceleration slows until the bullet momentarily stops. It then falls back 
toward earth. 

Under perfect conditions, a bullet would descend base first with no 
pitching or upsetting movement. This exists mostly in concept, but testing by 
the U. S. Army, which will be explained later, showed a high percentage of 
bullets did retum base first. When loaded reversed in the case so the bullet 
went up base first and returned nose first, it did not Eo near as high and 
returned faster, This is the result a thoughtful person would expect. 

A bullet that is not fired straight up, in other words, at 70" or 30° 
instead of 90°, may arc over and keep its stability. The return to earth will be 
point first and much faster than a tumbling or base first bullet. Air resistance 
will be the cause for the different speed, The pull of gravity will be the same, 
(All else being equal.) | 
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During the bullet's return fall io earth, it will accelerate until it 
reaches its ferminal velocity, Thal is its maximum speed no matter how far or 
long it falls. All objects have this limit. Skydivers take advantage of this fact 
and position their bodies so the drag will be more or less, as they desire. Air 
compression, drag, the object's density, and the air's density are factors in 
slowing the descent. Air density, as we mention several other places in this 
book, is less the higher above sea level we are, and also less the higher the 
temperature, It will also be less during periods of low barometric pressure as 
with poor weather and rain. 

The fall will start because of gravity and as the velocity increases, 
drag increases and slows the acceleration. The air resistance will increase as 
the velocity increases. As stated in other parts of this book, the drag 
increases almost as the square of the velocity. If we double the velocity, the 
drag increases 3 times. (At subsonic speeds such as we have in a free fall.) 
When the aerodynamic drag equals the pull of gravity, terminal velocity 15 
reached. The bullet will fall no faster. To be very simplistic, we could say 
that the weight and drag are in balance. 

It is obvious that a bullet dropping point first will be streamlined 
and has low air resistance and will fall faster. (In the general area of 450 to 
500 fp.s.) Base first is slower, (About 300 to 350 f.p.s.) Tumbling is the 
slowest 

An interesting note on terminal velocity, an aircraft falling in either 
a normal or flat spin will not fall fast enough to damage the plane until 
impact with the ground. The air resistance will be strong and terminal 
velocity low. (Although still fatal on impact with the ground.) Nose down, 
only thc best aircraft cam survive a terminal velocity fall or dive. The 
terminal velocity will exceed the maximum safe structural velocity and the 
aircraft will come apart in the air before reaching the ground or pulling out 
of the dive. Even many high-speed fighter aircraft are capable of diving 
faster than the airframe can endure. 

A bullet fired from an aircraft straight down toward the ground 
would be slowed to terminal velocity by drag if the altitude were high 
enough. Remember from earlier chapters that air resistance increases with 
velocity, Whatever the resistance at 1,000 f p.s. it will be 3 times as much at 
2,000 f. p.s. 

Air density and kinematic viscosity, which are both explained 
elsewhere in this book, will have a slight effect on terminal velocity. 

In popular usage, terminal velocity is sometimes used to indicate 
striking velocity. This is based on the definition of terminal that means end 
or final. In ballistics and firearms use, that is not correct. However, to make 
it more confusing, it is acceptable to use terminal ballistics for the science of 
how a bullet kills. 

Gravity slows a bullet's velocity fired straight up but has no effect 
on its spin. Air drag slows a bullet's velocity fired straight up but has a small 


effect on spin. The result of these two actions is the bullet will still be 
spinning at the top and may still be spinning as it returns to earth, although, à 
tumble 15 a frequent position upon return. 

VERTICAL SHOTS - HEIGHT 

The height obtained by any projectile can be computed, but it is. à 
long process. A simple rule of thumb, which will be close enough for most 
purposes is, "The maximum height reached will be about two-thirds ( $ ) the 
maximum horizontal range." (Note: other sources say three-fourths ( 3 ), so 
take vour pick.) Of course, as with all rules of thumb, it will be accurate for 
some cartridges and only fair for others. 

There is no such debate about a vacuum environment, as it would 
be exactly one half ( 2 ) of the maximum horizontal range. The difference 
between the half and the two-thirds (or three-fourths) is caused by the large 
effect of aerodynamic resistance. (See Chapter 12 for drag.) 

For readers who don't take air resistance as seriously as they should, 
consider that in а vacuum, a bullet would take the same time to fall back to 
earth as it did to reach its maximum height For the average bullet, this 
vacuum height would be in the area of 21 miles (almost 111,000 ft). The 
time would be about 85 seconds each way. 

VERTICAL SHOTS - WIND DEFLECTION 

Wind deflection on a bullet fired straight up can be computed using 

our formula for delay time, which was explained in Chapter 20. 
T,2RIV 

If we use the same 30-06 bullet mentioned earlier (Federal 150 
grain), we find that 9,000 ft. divided by 2.700 fps. is 3.33. And 18 sec 
minus 3.33 is 14.67 or 14.7 secs, An eight feet per sec. crosswind would then 
blow or deflect the bullet 117.6 feet at the top, (14.7 * 8 = 117.6) (This is not 
technically correct, but it does show the basic idea.) 

The descent was given as 31 seconds and far this we could, using 
the same stretched theory for a demonstration, compute an additional drift of 
245 feet and a total of 365.6 feet of drift at return to earth. 

We must remember that the bullet is decelerating as it climbs and 
will slow to a point where it has no forward velocity. It will hang almost 
suspended for a very brief moment and then the fall to earth will start slowly. 
Using the gravity figures we have counted on so strongly in other chapters, it 
is apparent that for 2 full seconds the bullet moves only about 16 feet up and 
16 feet down. Of course, the wind is still blowing it sideways during this 
time. (Jf necessary, review Chapters 2 & 3) 

VERTICAL SHOTS - DAMAGE 

The danger from a falling bullet should not be ignored, although at 
300 to 500 f.p.s. it may not be too deadly. The projectile weight is the main 
factor, A .22 Hornet 40 grain bullet falling at 375 fp.s. will not do near as 
much damage as а 500 grain .45-70 Government bullet at the same velocity. 
Or if that does not Bel your attention, what about a 75-mm Shrapnel 
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projectile that weighs 15.96 pounds and is tumbling down at terminal 
velocity, The speed would once again be slow, although higher than the 
earlier examples, but the weight alone would do a great deal of damage. 
Remember Newton's laws about energy. (Discussed in Chapter 3.) 
VERTICAL SHOTS - SHOT PELLETS 

Shot pellets falling back to еапһ follow the same laws, and 
accelerate to terminal velocity where weight and drag are in balance, The 
larger shot is heavier and falls faster. (Forget Italian physicists because this 
is not in a vacuum.) 

This chart is reprinted from The American Rifleman of Dec. 1974 
with their permission, They have been generous with several items for this 
book and it is much appreciated. 


terminal velocity 


shot dia. ballistic in f.p.s. 

shot size in inches coefficient Ingalls-Siacci 
9 ‚08 08 74 
6 ll OT 87 
4 13 013 94 
2 ‚15 0154 103 
BB A8 O18 111 
4 Buck 24 -025 131 
1 Buck .30 .031 146 
00 Buck EE 034 153 


VERTICAL SHOTS - TESTING & RESEARCH 

Man being the curious creature that he is, testing on vertical shots 
probably goes back to the earliest guns. Benjamin Robins, an English 
ballistician who is mentioned in other parts of this book, conducted 
experiments and wrote about them in a book published in 1761. The title was 
Mathematical Tracts. 

A few interesting figures came from old tests made by U.S. Army 
Ordnance in 1919 and 1920. This research was conducted many years ago, 
but is still valid and sound today. Additional current studies would probably 
gain little new information and be very costly, Testing was conducted from a 
platform surrounded by calm water and also from the center of an area 
circled by wet hard-packed sand. The locations were Miami and Daytona 
Beach, Florida. 

A 30-06 bullet with a 150-grain spitzer point was fired straight up 
at 2,700 £.p.s. It went up 9,000 feet in 18 seconds and returned to earth in 31 
seconds for a total time of 49 seconds. (Actually 49.2 sec.) The velocity at 
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impact was about 300 fp.s. This was considered by the Army testing group 
to be the average. It is interesting that Gen. Julian S. Hatcher was one of the 
officers involved in the test, although at that time, the promotion to General 
was some time in the future. | 

It was calculated that if the same were done in a vacuum, the 
altitude reached would be about 113,000 feet (about 212 miles). The trip 
would take 84 seconds each way for a total of 168 seconds. (Almost 3 
minutes.) Comparing the two, we can see that drag has a major effect. 
FLINCHING 

A flinching or jerky movement by the shooter at the time the bullet 
is fired cannot cause a keyhole, even though some people believe so. 1t may 
cause the bullet to go astray because the bore may not be pointed properly, 
but it will still be stabilized and point forward. 

EUROPEAN TABLES & CHARTS 

European ballistic tables list two different pressures, which they call 
atmospheres. Physical atmosphere is in a column labeled with the 
abbreviation "atm," Multiplying the numbers in the column by 14.7 converts 
И to pounds per square inch (ps.i.), which Americans are familiar with. 
Example: 2.500 atm. * 14,7 = 36,750 p.s.i. 

A column labeled "at" is technical atmosphere (pressure of one 
kilogram per square centimeter). The conversion factor is 14.223. Example: 
the same 2,500 at, (Not atm.) * 14.223 = 35,558 p.s.i. 

There is about a 3% difference between technical and physical 
atmospheres and both are used in the European tables, 

LOT NUMBERS & CHANGES 

Lot changes, whether in powder, cartridges, bullets, primers, or 
whatever, may produce different results. Even if a manufacturer has high 
standards with a tolerance variation as close as 5 %, the change will not be 
acceptable for bench rest or other super accurate work. It is common for 
people in this avocation to purchase large lots of powder so that little 
adjustment will be needed. Every time a change is made, the load should be 
developed from the starting point again. Most handloading manuals suggest 
this. Bullets and cartridges can be manually checked for conformity. 

NATO PERFORMANCE STANDARDS 

Through 1977-1979, the NATO armies held trials to find à new 
generation of ammunition. They selected the 5.56-mm cartridge with the 
American 3.56-gm. M193 ball as the standard bullet. Later, the 3.95 gm. 
jacketed streamlined bullet was selected. (SS-109 by Fabrique Nationale.) 

The following is a copy of some of the ballistic performance 
standards for the 5.56 mm NATO canridge. [t is reprinted here because 
serious students of ballistics will find it interesting. 

Terminal - Bullets shall completely perforate at 69.8" Е. a 10 gauge 
(0.138" - 3.5 mm) thick steel plate of SAE 1010 or 1020 of Rockwell 
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hardness B55 to B70 at 570 meters (623.4 yards) from the muzzle al 0° 
obliquity. (In simpler form, at a right angle of 90" to the line of fire.) 

Chamber pressure average not to exceed 55,120 p.s.i. 

Action time. The sum of primer ignition time, propellant burning 
time and the time taken by the bullet to reach the gas рогі, plus five standard 
deviations shall not exceed 3 milliseconds when fired at -65 Е. (Note: that is 
minus 65" F.) 


ABRIDGED BALLISTIC TABLE, 5.56 x 45 BALL SS 109 


Range Velocity Energy Drop Elevation Vertex 


metres m/sec. J mm mils mm 
0 930 1,708 0 0 0 
100 832 1,367 66 0.65 18 
200 740 LOSI 28] 1.41 75 
300 650 834 675 2.30 187 
400 574 650 1.296 3.37 382 
500 500 404 — 2,268 4.68 681 


SOLUTION TO STEVE'S PROBLEM 

The short story on page 7 has a simple solution. 

The cold weather will increase density for more air resistance and 
drag and also slow the powder ignition, but it will be such a small amount 
we need not consider it. The drizzle will also make no difference in any way. 
While rain usually indicates a lowered barometric pressure, it would not be 
enough of a change to be noticeable. The plastic electrical tape over the 
muzzle is а good idea. It will keep out the rain and not change the trajectory. 
The bullet weight and type were not given, but the ‚30-06 is a fine cartridge 
for a shot of this type and with the right bullet, it should prove to be 
satisfactory. Ammunition does not deteriorate as we might expect. The fact 
that the cartridges are 10 years old should not make any difference. So far in 
our study of the situation, Steve seems to have no problems. 

Steve estimated the range at 300 yards and his rifle was sighted in 
for 300 yards, This sounds good for him. He guessed the high angle would 
be a longer shot and added a 4" allowance. Steve also thought the bullet 
would drop an extra amount because of the up hill angle. He raised his aim 
5" to compensate for this extra drop. This was a total allowance of 9" and a 
bad mistake. In Chapter 17 it states that we should "aim as shooting for the 
horizontal yardage." His rifle was sighted in for the proper yardage and 
should have been corrected for the lower place the bullet would hit because 
of the uphill shot. Steve made his adjustment the wrong way and his shot 
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will be high by perhaps 12". (No bullet was specified, so accurate figures 
cannot be worked out.) 

We have yet to discuss the wind that was blowing strong at Steve's 
location and not at the rest of the range, This will also be bad news for Steve 
because it will start the bullet's trajectory to curving sideways and the 
bullet's lateral momentum will continue even afier it moves into the area 
with little or no wind. By the time the projectile reaches the game, it will 
have been blown off of its intended course by a large amount. He should 
have corrected into the wind. Not as much as his bullet required for a wind 
that covered the entire range, but the wind could not be completely 
disregarded. 

Altogether, Steve is destined to miss his first shot. If the game does 
not пш off, he will also miss his second shot. He does not understand the 
ballistics involved, so each successive shot will have the same errors. 
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CHAPTER 28 


FORENSIC EVIDENCE & FIREARM IDENTIFICATION 


This chapter is not intended to contain enough information to 
enable a police crime laboratory to function because this is a complex 
subject. However, it is an interesting specialized field of ballistic science, 
therefore we are including this chapter to help the reader gain a basic general 
understanding of the subject. 

NOTE: Many police officers refer to this book and they should 
keep in mind that the information in this chapter is basic and should not 
be followed if anything here differs from department rules. 

Forensic firearm identification, as we know it today, began with the 
famous Stielow case in New York in 1915. Some good publicity was 
developed when C. E. Waite's accomplishments on the case were written 
about in two Saturday Evening Post articles in 1925, About this time, Calvin 
Goddard, John Fisher. and Philip Gravelle formed the Bureau of Forensic 
Ballistics in New York City, based on Waite's achievements. Goddard 
moved on to the Northwestern University School of Law and other forensic 
endeavors. Much of the credit toward the concept of firearm identification 
and the use of suitable equipment by trained specialists should go to him. It 
is interesting that Goddard was involved in gathering the forensic evidence 
at the famous Chicago St. Valentine's Day Massacre in February of 1929. A 
few years later in 1935, the F. B. L laboratory was founded. 

Goddard coined the expression, forensic ballistics, and later 
regretted it. He though it would have been more appropriate if he had used 
the term, firearm identification, 

Forensic ballistics is the application of science to law in identifying 
used cases and fired bullets and connecting them to a particular firearm. A 
few other procedures are also involved, and they will be discussed later. The 
word forensic comes from the Latin word for public and it means suitable for 
a law court or public debate. The determinations have to be suitably precise 
and factual so that the information can be testified to and used in a court or 
legal proceeding. The word forensic is also applied to anthropologists who 
determine information from body parts, medical examiners, and other people 
trained in scientific fields who gather evidence for trial. 

The principles of identification are the same whether the weapon is 
a handgun or a rifle. 


387 


AT THE CRIME SCENE 

It is important that items not be moved or removed from a crime 
scene, but occasionally the officer or a private citizen on the scene has to 
touch, move, or unload a firearm for safety purposes. Being careful not to 
destroy fingerprints, the magazine should be removed from a semi-automatic 
and the chamber unloaded. It is best not to operate the mechanism unless 
unloading requires iL A revolver should not have the chambers unloaded 
until the proper authority takes control of it, but if it is moved, a small 
scratch should be used to mark the chamber position under the hammer. 
Later a diagram will be prepared that will indicate the position of the fired, 
loaded, and musfired cases, 

The recovering officer should inconspicuously scratch his mark and 
date on each firearm's frame. Two initials are excellent but a mark like x is 
not suitable, Removable parts, such as stocks and side-plates, are generally 
not marked, Magazines, cylinders, etc., while removable, should be marked. 
IF the weapon is damp with condensation or blood, it should be permitted to 
air-dry before placing it in à plastic bag. 

Recovered bullets, loaded cartridges, fired cartridge cases, paper 
shotshells; all of these items can be marked, but they must be marked in 
ways that do not mutilate or mar the head, primer cup, or rim on cases, or the 
sides or cylindrical portion with the nfling marks on a bullet. The best 
marking places are the ogive arca near the nose on a bullet and near the 
mouth of cases, inside if possible. Sometimes it is best to also include a dale. 
The location of the item must always be cither photographed or recorded 
before the item is moved. Fingerprints must be preserved, even on cartridge 
and shotshell cases. Generally, it is sound practice to keep extensive notes of 
all details along with the marks on the recovered items. A partial list of items 
to record includes a detailed list of items recovered, locations, date, 
positions, method of marking, if sketches are made and of what, etc. 

No item should ever be washed or cleaned at a crime scene. 
LABORATORY IDENTIFICATION of BULLETS 

One of the first determinations is the caliber. Even if empty cases 
arc found, the caliber of retrieved bullets still has lo be determined, if 
possible, as it may not be connected with the retrieved cases. As any reader 
who has firearm experience or has read some of the earlier chapters in this 
book is aware, there are different bullets of the same diameter and length. To 
be certain that a bullet came from an individual firearm, both the caliber and 
rifling grooves must match. It is sometimes possible to tell instantly that a 
bullet did not come from a certain gun. For example, if the gun's barrel 
contained 6 lands and 6 grooves and the bullet contained 5 lands and 5 
grooves. Some semu-aulomatics are particular with the ammunition they can 
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function with. Not all .45 ACP ammunition will feed and eject properly from 
every 45 pistol manufactured. This has to be considered, if possible. 

The width of the grooves and lands, as well as the amount and type, 
will be measured to à thousandths of an inch, or less. From this examination, 
they will determine the caliber and type, such as a .45 ACP, full metal jacket 
bullet of 230 grs, with a twist right or left, number of lands and grooves, 
land width, and groove width. 

For proper identification, it is vital that the ballistics laboratories 
have information on bore rifling statistics for various weapons, cartridge 
information on caliber and headstamp markings, etc. There are books and 
computer information available that list firearms and their barrel 
characteristics. The FRI maintains a comprehensive list of firearm 
information, which is updated as required. This is available to police crime 
laboratories. A search of the database will reveal perhaps several different 
firearms that could have fired the bullet, or perhaps, with luck and skill, just 
one. 

The characteristics determined above will tell if à bullet came from 
a certain type of gun, but if a firearm is available, it has to be narrowed down 
to an individual weapon. Not just a Colt 45, for example, but a specific 
individual Colt .45, For this, the laboratory technicians look for individual 
characteristics. 

Gun bores have defects and minor flaws that can mark a bullet with 
a mechanical fingerprint. From earlier chapters, we know how a bullet is 
forced into the rifling and spun to develop gyroscopic stability. The tooling 
that is used to cut the lands and grooves in a gun barrel is never perfect. And 
tooling constantly wears down and requires cither resharpening or 
replacement. No two gun barrels are ever exactly alike and they leave their 
marks on the bullets that travel down them. It must be mentioned that some 
gun bores leave no characteristic marks and consequently, a conclusive 
maich is not possible. 

The rifling characteristics in a gun bore can and do change over a 
period of time. Either use or abuse can cause the change, but it means that a 
bullet fired much earlier may not be satisfactory evidence at a later time. The 
marks on the bullets may not match even if fired through the same barrel. Of 
course we must remember (hat these changes normally require much time, 
years in most cases. Exceptions can occur in the event of sudden damage, 
such as a sharp blow at the muzzle that bends a piece of metal into the 
opening of the bore. 

It is ordinarily not possible ta look at a barrel damaged by pitting, 
erosion, or rust and determine if a bullet matches. A bullet fired from such a 
barrel will show evidence of the bore damage, but a test shot and proper 
comparison is still required. 
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If a suspect gun is available, a test bullet will be recovered intact 
and without any damage. Water is the normal recovery material. (Refer fo 
pages 347 through 349.) After a test bullet is created the markings on the 
evidence bullet can be compared with markings on the test bullet. The usual 
practice is to examine the test bullets first and look for distinguishing marks. 

Matching an evidence bullet from a crime scene with another 
evidence bullet from another crime scene or to a test bullet from a suspected 
gun i$ not always easy. The evidence bullet and the test bullet are placed 
under a comparison microscope. This invention was first used in ballistics in 
1925. Actually it is two microscopes mounted together and connected 
optically so that each one can view a different article and the two images 
matched together. The area viewed by the observer comes from one 
microscope and the additional half from the other. The enlarged images of 
the two bullets can be brought together so they touch each other. One bullet 
is then held stationary while the other is turned until one land and groove is 
lined up with its counterpart on the other bullet. Then the operator has to 
painstakingly look for marks, striations, ridges, grooves, and any other 
details that appear to blend and match between the two bullets, The bullets 
have to be moved lengthwise so that more than onc section is checked for a 
match. After one land and groove are checked, one bullet must be turned to 
the next land and groove while the other bullet remains in place, and then the 
operation is repeated. This must be done 5 or 6 times, or as Many times as 
required for the rifling in the bore. If they are completely different or exactly 
alike, it may be a routine operation, but it can be difficult if they are similar 
to determine if il is an exact match. 

Generally, three different results can be found. (1) The bullet will 
be identified às having been fired from the firearm. (2) The bullet was not 
fired from the firearm. (3) It was impossible to determine with any degree of 
certainty and the results were therefore, inconclusive. 

Comparison cameras permit a view of the entire bullet instead of 
just a portion. The enlarged prints are useful in court as evidence for juries to 
study. Instead of just the expert's testimony, the jury members can see the 
evidence for themselves, 

BULLET - SKID MARKS 

Skid marks are caused when the bullet hits the rifling with enough 
speed that it tends to force itself straight-ahead (skid) for a brief distance 
before it rotates properly. Even though it will eventually rotate as expected, 
it will still leave evidence of its faulty start. These marks usually show 
themselves in two ways, although other signs can also occur. One is when 
the mark created by the land is wider at the start (nose) end of the bullet than 
al the bottom. If it travels farther down the barrel after the expanding gas 
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pressure begins to push it; the markings will show a little at the trailing edge 
of the bullet with a straight mark across the top of the trailing edge. 

Sometimes the skid marks on a bullet can be used to determine if it 
was fired by a revolver or a semi-automatic pistol. For this situation, we 
must assume that bullets of the same weight, type, jacket, make, etc. are used 
in both types of firearms. (An example would be the .45 ACP that is 
common in many semi-automatic pistols. It is also used in early Coll 
revolvers, such as the New Service Model [1909 & 1917, etc.| and the Smith 
& Wesson Hand Ejector Model of 1917.) In a revolver, the bullet is located 
in the cylinder and farther back from the rifling. The jump forward can cause 
skid marks. A Semi-automatic holds the bullet's nose close to the rifling and 
while it can still have skid marks, they are not as likely. Frequently a semi- 
automatic will leave good land and groove indications with no skid marks. 
CASE EXAMINATION FOR FIREARM UTILIZED 

Semi-automatics eject the cases for the police to pick up and 
examine. Perhaps a few ice-cold criminals may pick up the cases before 
fleeing the scene, but that would be extraordinary. Cases themselves, even 
without a bullet, can give an assortment of information from the relationship 
between the ejector mark, the firing pin mark, and the extractor mark. The 
extractor mark(s) is usually found on the groove forward of the rim and the 
ejector mark(s) on the rear surface of the cartridge head. 

Generally, it ts possible to identify a certain type of pistol. It is less 
likely, but sometimes it is possible to narrow it down to the make. 

The extractor and ejector in mass-produced firearms are in the same 
relative locations in a particular make, model, and series of firearms. Both of 
these leave marks on the case as they come into contact with the softer 
metal. The design of the gun causes these marks to be more pronounced in 
some makes and types then in others. Of course, the temper of the brass used 
in the case will have to be considered, as some is softer and marks easier, 
Regardless, even the hardest brass case will be softer than the metal gun 
parts, and therefore, will be marked. Semi-automatic pistols tend to be very 
aggressive in their operation; ie. the parts are severely slammed around. 
This force imprints the cartridge cases with the image of the gun parts. 

Unless the gun is reloaded, revolvers seldom leave their empty 
cartridge cases at a crime scene. Revolvers also do not have the type of 
extraction and ejection as semi-automatic pistols, so few marks of that type 
are found. 

Even the experts know that they must be careful in their opinion 
because so many variables are involved. Guns may be altered during fitting a 
repair part, parts may become worn, or broken, sometimes parts are even 
missing. If a gun is available, it can frequently be determined if the case was 
from the firearm in question. When only the case is available, the type, 
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make, etc. may be determinable, but not always. Determining a gun make 
from a retrieved case is not as reliable as most experts wish it were. A few 
exceptions help out occasionally. For example, the Glock semi-automatic 
pistol leaves an unusual rectangular shaped firing pin mark. 

POWDER RESIDUE EXAMINATION 

We know from earlier chapters (See Chapters 4 and 5.) that more 
than the projectile is expelled from a bore when a gun is fired, The extra 
includes particles of lead and bullet materials sheared off by the rifling, 
unburned powder particles, and gas particle dispersoids. 

This collection of residue will normally travel only about three to 
six feet from the muzzle, If a person tells the police that the shot was fired 
from 20 feet and there is gunshot residue on the victim's clothing, further 
investigation 15 needed. 

The presence of gunshot residue can frequently be seen with the 
naked eye, This is especially true for close distances such as direct contact 
up to about a foot distance, From about a foot out to about 3 feet distance, a 
microscope may be required to sec the residue. As we can casily imagine, 
this will be somewhat different for each caliber, ammunition type, and barrel 
length. 

Chemical tests are available that are more precise than the visual 
methods. The Sodium Rhodizionate test looks for the presence of lead 
residue and reacts to it by changing to a bright pink. Another test will 
confirm the first by tuming the pink color blue. The Griess Test checks for 
the nitrite residue that is a by-product of the burned powder This test is 
similar in that a chemical reaction causes a color change during the test. In 
this example, a piece of photographic paper is chemically treated and placed 
against the back of the subject and then steamed with an acetic acid solution. 
This time, orange is the color that indicates the presence of nitrite gunshot 
residue. In some cases, it is necessary to test the firearm, or a similar model, 
to determine at what exact distance the gun will leave a similar specimen. 
FIREARM PERFORMANCE & FUNCTION TESTING 

.. dn the event of a statement of an accidental discharge, testing is 
required to determine if the claim is possible or an attempt to hide a crime. 
After an examination to see if the gun is damaged or has any parts missing, it 
ts common to attempt to simulate the accident. Lf, for example, someone 
claimed that a gun fired when it was dropped on its hammer, the hammer can 
be hit with different amounts of force to determine if this type accidental 
discharge is possible. 

LABORATORY CONCLUSIONS 
5 A modern ballistics laboratory is far advanced over the famous 
fictional detective, Sherlock Holmes, and his pocket magnifying glass. A 
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large amount of information can be determined from a small piece of 
evidence, 


NOTE: The following list includes items that cannot always be 
determined due to damage, rarity, and other variables. Also, items not 
on the list can sometimes be resolved if the situation is suitable, 


о Recovered bullets can disclose the caliber, make, and type of 
firearm it was discharged from, type of propellant used, and the ammunition 
maker. If two or more bullets are recovered, it can be determined whether 
they were fired from the same weapon. 

e Recovered cartridge cases can disclose the caliber, make and type 
of firearm it was used in, type of propellant used, and the ammunition maker. 
Lf two or more cases are recovered, it can be determined whether they were 
used in the same weapon, 

© Recovered firearms can be linked to a recovered case(s) or 
recovered bullet(s), by matching the marks on the items to test bullets and 
lest cartridge cases. 

© Recovered shotgun pellets and wads cannot normally be matched 
to an individual shotgun, although it is possible to determine the size of shot 
and the gauge of the firearm involved. 

e X-rays of pellets or bullet(s) buried in a victim's body and the 
projectile's pathway can be used to determine the caliber, pellet size, type, 
and probable manufacturer. 

[5] Distance from the gun muzzle to the impact point can sometimes be 
determined by a powder residue test. The shorter the distance, the more 
accurate the results. 

@ Function tesis can usually determine if a firearm could have 
misfired in the manner claimed. 
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CHAPTER 29 


GLOSSARY OF BALLISTIC TERMS 


acceleration of gravity: The changing rate of velocity of a free falling 
object caused by gravity. The pull of gravity is not the same at different 
locations. Lately, the standard of 32.1741 feet per second has been set by 
international agreement. 

accuracy: The capacity of a weapon to strike the target in a small group. 
Precision. It diminishes with range and varies with the ammunition and 
firearm. It is affected by the shooter's ability, weather, etc. It is how close a 
strike is to where it was intended to hit and measurements are to that one 
point only, 

ACP, as in 45 ACP, .380 АСР, etc. The initials stand for “Automatic Сой 
Pistol." Now, these and others that have ACP in their name, are used 
worldwide in many firearms other than Сой, 

action; The mechanism that makes a firearm work, ie the heart of the 
weapon. This may include the extractor, bolt, firing pin, breech, etc. Various 
types include the blow-back, blow-forward, bolt, box-lock, falling block, 
lever, pump, rising block, rolling block, automatic, semi-automatic, side 
lock, single shot, slide, top break, trap door, under-lever, etc. etc. 

action time: The time between the firing pin hitting the primer and the bullet 
exiting the muzzle. This time will not only change with different types of 
ammo; it will vary slightly from one shot to the next. 

aim: To point a weapon al a target, usually includes alignment of the sights, 
but some weapons can be aimed by other means, 

air density: The term for the air's thickness or compactness, Technically the 
ratio of mass to volume. Sea level standard is 29.921 in. Hg at 59" F. (0.075 
Ib. per cu, ft.) and drops fairly uniformly to the isothermal region at 35,332 
ft. and 7.04 in, Hg. 

air resistance is an aerodynamic force that retards the flight of a bullet. 
Caused primarily by pressure distribution and skin friction. Streamlined 
bodies with smooth contours can reduce it. Along with gravity, it is one of 
the two primary forces acting on a projectile after il departs the muzzle. 

air speed, or more correctly, velocity, of a projectile through the body of air 
it is in. The air mass itself may be moving over the earth's surface, and the 
reference is 10 the air mass only, not the earth it and the projectile are 
moving over. 
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alloy: A metal that is a mixture of either two or more metals or a metal and 
something else. The result may be an improvement in strength or some other 
benefit such as lower cost. 

AMERICAN RIFLEMAN, THE: A monthly publication of The National 
Rifle Association. 

ammunition, abbr. ammo; Usually used to describe self contained cartridges 
of any type but сап also be used for powder, bullets, primers and even 
grenades, mines, etc. 

angle of departure: Frequently given as the angle between the bore as the 
gun is aimed at the target and the bore the instant the bullet leaves the 
muzzle. li includes barrel jump. It is sometimes incorrectly based on the 
horizontal and is frequently confused with angle of elevation, which has a 
different meaning. In artillery, it is the vertical angle between the tangent to 
the trajectory at the origin and the base of the trajectory. 

angle of elevation: The angle between the bore axis of the gun and the line 
of sight to the target, not to the horizon. 

anneal or annealing: A process of softening metal by controlled heating 
and cooling. It can also be done to alter mechanical or physical propertics of 
the metal. 

antique: A firearm, by Federal law, made in or before 1898 that does not 
require modem ammunition. Also can describe a firearm, which requires 
fixed ammunition made in or before 1898, which is no longer readily 
available. Various States and private groups have diverse definitions. 
artillery: Large caliber guns that are too heavy to carry (except machine 
guns). They may be mobile, mounted, or stationary. 

ascending branch: The portion of the trajectory from the muzzle to the 
highest part. 

assault rifle or weapon: Defined as a firearm of intermediate power that is 
capable of selective fire, ie.. a change between full automatic and semi- 
automatic, This term is frequently used improperly by the media and anti- 
sah he The gaseous mass surrounding the earth. In physics, the unit of 
pressure equal to 14.69 p.s.i. 
austenite: A term in metallurgy. A solid solution. Carbon or other alloy is à 
solute. Gamma iron is the solvent. 

automatic: A type of firearm that will feed and load cartridges, fire and then 
eject the case and continue as long as the trigger is depressed and cartridges 
are in the magazine. Many semi-automatic weapons are incorrectly called 
automatics. 

average: The number obtained by dividing the sum of several quantities by 
the number of quantities. 

axial: A term for movement about an axis of rotation. 
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axis: The line, real, or imaginary, about which a thing (mass) rotates or 
would rotate if it were free to do so. 
axis of the bore: An imaginary line extending down the barrel and on into 
space through the center of the bore, 


——— 
back thrust: The term used to describe the pressure exerted by the cartridge 
case head when fired. The pressure is toward the rear against the bolt, 
breechiock, etc. 
ball: Word for the round balls used in muzzle-loading firearms. Also a 
colloquial term used to describe ammo with any shape that has a solid single 
bullet. 
ball cartridge: A military term for a regular metal-jacketed pointed bullet 
loaded to full velocity. Cartridges loaded with round balls, such as are used 
in shotguns for guard duty are not called ball cartridges but are called guard 
cartridges, 
ballistic coefficient: A ratio that denotes a projectile's ability to overcome 
air resistance and maintain velocity in comparison to à standard, The larger 
number is usually preferable. 
ballistic density: The computed constant air density that would have the 
same total effect on a projectile during its flight as the varying densities 
actually encountered. 
ballistic pendulum: An antiquated mechanism for measuring a projectile's 
velocity, Tt is still used today to measure recoil, 
ballistic curve: The proper term for the path followed by a projectile in 
fight. 
ballistics; The science of projectiles. Interior ballistics concerns the events 
until the projectile exits at the muzzle, Exterior ballistics covers events 
between the muzzle and the impact point. Terminal ballistics covers the 
event after impact. (Terminal is not the best word, but has become correct 
duc іо common usage.) Forensic ballistics is the legal study of all as applied 
to police investigation and court procedures, 
ballistic wave: Another term for the bow wave, which precedes a projectile 
below Mach 1. It is caused by air compression, 
barrel: The tube, which directs the projectile. The bore may be rifled or 
smooth and extends from the breech end to the muzzle. 
barrel time: The time involved when the projectile first starts to move from 
the case until it leaves the muzzle. Usually lasting about .0009 of a second, 
plus or minus 0002 of a second. 
barrel vibration: A motion created by firing, although some people believe 
vibration is not a suitable word, nevertheless, it accurately describes the 
movement, 
barrel whip: The flexing of the barrel, usually downward, that takes place 
when firing. 
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BB: The round steel copper coated balls used im air guns. Sized at .176 
10.177 inch, Also a term for the shot in shotgun shells that are sized at .181 
inch. The size disparity creates errors and confusion. 

black powder: An earlier form of gunpowder. It was used from the 13" 
Century to the beginning of the 20" Century. It is still in use by muzzle- 
loaders. 

blowback: A type of automatic or semi-automatic mechanism where the 
breech is held closed by springs. There is no positive lock. Also, the 
rearward movement of the gas that is used to operate the blow back 
mechanism. 

boat-tail: A feature of some bullets where the base tapers down 10 a smaller 
diameter. 

bolt: Sometimes called breechblock, it is the sliding part of a breech-loader 
that shoves the cartridge into the chamber and holds it in place. ЇЇ frequently 
includes the extractor and firing рїп. 

bolt action: A fireanm that uses a bolt type of mechanism where a rotating 
bolt must be lifted and pulled rearward by hand and then returned to the 
forward and down position. This ejects the used cartridge and installs a new 
one. Common on rifles, but it is also used on shotguns and handguns. 

bore: The inside of a barrel and also the interior diameter usually measured 
across the lands. ie. the smallest diameter. The larger land diameter is 
usually the caliber, The chamber is not included. 

boundary layer: A thin layer of air adjacent to a projectile's surface where 
the airflow is retarded. This expends energy and creates drag from a change 
in pressure distribution, This is in addition to the drag from skin friction. 
breech: The area of a firearm where the cartridge is inserted. Sometimes 
also used for chamber and receiver. One book defines it as the entire firing 
mechanism, magazine, chamber, action, trigger, etc. Therefore, it would 
have to be considered a term with an imprecise meaning. 

breech-loader: Applies to any firearm that accepts or loads the cartridges 
from the rear, The idea dates to the Hall rifle and 1811. 

breech pressure: The pressure or rearward thrust caused by the case head 
against the breech or bolt. Not to be confused with the chamber pressure 
which will always be considerably higher. 

Brinell test: One of many scales and methods of testing the relative hardness 
of à material, usually metal, Also see Rockwell. 

buckshot: Term for large shot pellets. 

bull barrel: A heavy, large diameter barrel used mostly for benchrest and 
target shooting. They usually have no taper and à longer length than a 
hunting barrel. They can reduce or eliminate whip, vibration, etc. 

bullet: A projectile fired from a gun. It can be made of various materials and 
in different shapes. The word is frequently used incorrectly by the general 
public and the media when cartridge is what is meant. 
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bullet drop: The drop or descent of a bullet from the pull of gravity. It 
begins at the muzzle, 

burning rate With gunpowder, it is the speed that powder burns as 
compared to samples in controlled laboratory tests. A relative term. 


C 
caliber: The diameter usually measured across the lands inside the bore or 
the diameter of the projectile. Frequently, the two do not coincide, as they 
should in standard practice. 
cannelure: A groove around the outside circumference of a cartridge case or 
à bullet. It can also be called a crimping groove but not a grease groove. 
cannon: АпШегу that can be either fixed or mobile. Usually larger in size 
than 37 mm but the 20-mm aircraft gun is called a cannon. 
cant: The angle, lean, or tilt of a gun that is not held vertical. It affects 
sighting and the bullet strike point. 
carbine: A rifle with a short barrel usually less than 22 inches long. It was of 
military design and background for use by cavalrymen. 
carbon: An element in steel, which determines its ability to be hardened. 
Also, as charcoal, it was а main ingredient in early gunpowder. (1594) 
carburizing: A method of adding carbon to soft metal, Involves heating and 
quenching. 
cartridge: A complete self-contained round of ammunition including the 
case, powder, primer, and projectile. Technically, shot-shells could be 
included, but they normally are not. 
сазе: The container for the powder, projectile, and primer, The largest and 
most visible part of a cartridge. It can be made of brass, copper, plastic, steel, 
or paper, depending on its use. 
case hardening: Hardening only the outer layer of a ferrous alloy while the 
interior remains softer. The depth can he from tissue paper thin up to .030 
inch. Normally about .005 inch. 
center-fire: Term for a cartridge case with the primer located in a center 
pocket as opposed to rimfire. 
center of gravity: The point of a body through which the line of action of iis 
weight passes. It is important in gyroscopic stability of bullets and the 
handling properties of guns. 
chamber: The part of a firearm that holds the cartridge at ignition. Located 
in the rear end of the barrel or in a revolver, multiple chambers are in the 
turning cvlinder. 
chamber pressure; The pressure in the chamber of the firearm created by 
the rapid burning of the powder. It is what makes the gun work. Usually it is 
measured at the peak or highest point, which is soon after the bullet begins tà 
move out af the case, Shot guns usually go to 12,500 p.s.i, handguns very 
wildly up to about 45.000 p.s.i. and rifles up to 55,000 p.s i. 


398 


charge: Amount of shot or powder in a cartridge, usually measured by 
weight, Also a term meaning to load a firearm. 

choke: A constriction in the muzzle end of a shotgun barrel that controls the 
shot dispersion. It comes in many amounts or degrees to deliver different 
patterns. 

chronograph: An instrument that measures projectile velocity through time. 
cock: Today, it means to set the action so it is ready to fire. On flintlock and 
percussion weapons, the exposed hammer was known às a cock. 

coefficient: In physics and ballistics, a number, constant for a given 
substance, used as a multiplier in measuring the change in a property under 
given conditions. 

coefficient of expansion: A number that is based on thermal changes, and 
can be linear, and indicate the amount of expansion /engi/rmwise due to an 
increase in temperature. For volumetric expansion, the number indicates the 
amount of expansion of volume due to an increase in temperature. 

coefficient of form: The shape of a bullet's forward end described by a 
mathematical index or number. 

collimator: An optical device used to bore sight a firearm. 

combustion: Oxidation. If rapid enough, it creates heat and light. 
compensation: A word with a meaning in ballistics that is different than any 
given by a standard dictionary. It is used in regard to the bullet leaving the 
barrel while the barrel is moving from recoil, jump, whip, or another force. 
Favorable compensation is where lower muzzle velocity delivers shots at a 
slightly higher angle, consequently decreasing the element of the vertical 
spread at long range that results from velocity variations and producing a 
small spread. Unfavorable compensation 15 where higher velocity produces а 
larger spread. 

conversion factor; Handy numbers used to convert one method of 
measurement to another, i.c. yards to meters. 

core: The center of a bullet, usually lead or a lead alloy in civilian bullets, 
and surrounded in part or in full by à jacket. 

cordite: A type of British powder extruded into strands with a cord like 
appearance, 

corrosion; Damage from rust or chemical action, 

CUP: Short for Copper Units of Pressure. Used as a method of determining 
the internal pressure inside a firearm during use. A relative term based on the 
amount of flatiening or crushing of a copper pellet using special laboratory 
equipment. CUP is generally used above the 10,000 mark. There is also a 
LUP gauge used below 10,000. (See LUP) Neither is the same as p.s.i. 
although there is a relationship. 

cyanide hardening: A method of case hardening the outer shell of a mild 
steel object by dipping the red hot part in potassium cyanide, repeating as 
desired for added depth and hardness, and then quenching in water. 
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cyclic rate: A term used to describe the maximum rounds per minute that à 
particular full-automatic firearm can operate. It is usually a theoretical 
amount that cannot be reached due to heat and the few shots that are required 
to getup fo speed. 

cylinder: Used in revolvers to hold cartridges, li rotates from one chamber 
io another and can tum to either the left or right, depending on make and 
model, 


pD222--—---—-—--— 
Damascus barrel: A barrel thal is made of twisting two or more steels strips 
around a mandrel and hammer welding them together. Usually identified by 
a visible pattem and common on old shotguns. They are not safe for modem 
cartridges. 
deflagration: Burning process comprising both oxidant and fuel in which 
the reaction front advances at less than sonic velocity. In this sense, it is 
considered less than an explosion. 
deflection: Side movement of the projectile by wind, brush, etc. Deviation 
from the intended path. Sometimes called drift. 
density: Mass per unit volume, Weight is a measure of mass so density may 
be either absolute (directly weighed) or relative (compared with the same 
volume of a standard under the same temperature and pressure). If compared 
to an equal volume of water, it is specific gravity and given in grams per 
cubic centimeter. For gases, it is expressed in terms of hydrogen or air. 
density of loading: Sce loading density. 
deterrent: Something added to a powder or explosives to slow its burning 
rate. 
diameter: A straight line passing through the center of a circle, sphere, etc. 
from one side to the other and the length of the line, Used in ballistics to 
describe bores, bullets, etc. 
dispersion: The maximum spread of the bullet holes on a target. It can be 
either horizontal or vertical: 
double action: See revolver, double action. 
double barrel: A gun with two barrels fastened together along their length. 
They can be over/under or side-by-side and shotgun, rifle or a combination 
of both. 
double-base propellant: Also known as nitroglycerin powder. It is called 
double because it has both nitroglycerin and nitrocellulose as ingredients. A 
single base powder has only the latter. 
drag: Another term for air resistance. It is directly proportional to the 
diameter and velocity of the projectile and density of the air. 
dram: A unit of weight, Drams * 0039 = pounds, 
drift: Used to describe the side movement of a projectile caused by its 
rotation. Also used to indicate deflection by wind or brush, etc. Deflection is 
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the preferred term for the latter, although drift is in common use and 
therefore acceptable. 

drop: See bullet drop. 

dum dum: In correct usage, a bullet designed and made at the British 
Arsenal in Dumdum, India (near Calcutta) in 1897-1898. (Mostly in .303 
British caliber.) The bullet was designed for expansion. Today, the term is 
misused to describe any expanding bullet. 


E | 
effective range: The range at which а bullet can be expected to hit and killa 
particular size game or score on a target. It is a theoretical distance that may 
or may not be correct and will vary with conditions. 
eject: The function of removing a cartridge, either fired or unfired, from the 
chamber by mechanical means. 
ejector: The mechanism that ejects a cartridge, either fired or unfired, from 
the chamber by mechanical means. 
elastic limit: An engineering term for the stress limit of a material that will 
deform it so that it will not return to its original shape. This point is usually 
given in pounds per square inch and it will be much lower than the materials 
tensile strength. 
elevation: The vertical adjustment of the sight and the barrel to control point 
of impact at a distance. 
energy: The power of force to do work. It can be potential or kinetic and is 
normally expressed in foof-pounds, 
erosion: Gradual damage (to the bore) from wear caused by hot gas, 
washing, scoring, and friction (mechanical abrasion). 
expansion: Enlargement or increase in size 50 as to take up more space, 
Firearm parts, cartridge cases, and bullets can expand from heat, pressure, or 
impact. 
expansion ratio: The ratio of the volume of the bore from the cartridge base 
to the muzzle, to the volume of the powder portion of the cartridge, 
extractor: A mechanical method of pulling a cartridge case, either fired or 
unfired, from the chamber. The case then has to be removed by hand. 5ee 
eject and ejector. 
extreme spread: A term used to evaluate hits, Measured on a target from the 
inside edge of a hole to the outside edge of another hole, using the 2 holes 
thai are the most widely separated of the group. It may be the group 
diameter or it may not and so it may be incorrect to call it so. Sometimes it is 
called maximum spread or group size. 
extreme vertical or horizontal dispersion: The longest vertical or 
horizontal distance between shots. 
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F 
feed: The movement of a cartridge from a magazine into a chamber. 
firearm: Technically, a firearm is a mechanical object thal transfers energy 
through space using "gunpowder" as the propelling force. (That hardly does 
justice to a beautiful antique revolver or a modern big bore rifle with a top 
line scope.) More normally described as a weapon that propels a projectile 
by either compressed air or rapid burning of a propellant. Note: the legal 
definition will be long and involved and vary from one area to another. 
fire-forming: Firing a case with a reduced load so it will expand and 
properly fit à chamber. 
flash hole: The hole in the case that lets the primer flame pass through to 
ignite the powder. In muzzle-loaders, it 1s the hole that does the same 
between the pan and the bore. 
flash point; The lowest temperature at which a flammable material will flash 
up but not sustain combustion. It will be somewhat lower than the ignition 
point, 
flier: A bullet that strikes outside a group fired with one gun and 
ammunition lot, 
foot-pound: Unit of measurement for kinetic energy. 1 foot-pound is 
required to raise 1 pound up 1 foot, or the work done by the 1 pound when it 
is dropped 1 foot. 
force: The power and its intensity that causes motion or a change or 
stoppage of motion of a body. Also a figure of merit of a propellant, defined 
as Roly / M 
forcing cone: The tapered section at the front of a shotgun chamber that 
guides the shot into the bore. A similar area in a rifle is frequently called the 
throat or leade (lead). Note it is only similar, not exactly the same, The term 
is not used correctly for a rifle or handgun, 
forensic ballistics: The subject area used by police crime laboratories for 
bullet comparison, and other special operations involved in criminal 
investigation. It is the application of science to law in identifying used cases 
and fired bullets and connecting them to a particular firearm. 
form factor: A ballistic term indicating the effect air resistance has on а 
particular bullet shape as compared (о a standard. 
ERAI The remains of a bullet, gasses, or powder left in the chamber or 

ore. 

Frankford Arsenal: A US. Army facility located near Philadelphia, PA, 
that has produced a great wealth of technical information on ballistics 
firearms, and artillery. etc., since about 1818. 
freebore: When a cartridge is in the chamber, it is the area ahead of the 
bullet before the rifling. It can be an extension of the chamber or ahead of it 
It will have straight walls with no taper. It is sometimes called a long throat 
chamber, although it may not have much length. | 
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friction: The rubbing of one object against another. In ballistics, it is the 
resistance to motion of the objects and their touching surfaces, typically 
firearm parts and bullets in the bore. 


G =. 
gage: Sometimes spelled gauge. An instrument for measuring, as in 
headspace gages. 
gain twist: Rifling where the twist increases between the breech and the 
muzzle. 
gas: The product produced by the burning powder, A vapor, neither liquid 
nor solid, that can expand indefinitely and completely fill its container. 
gas operated: A locking breech firearm, either automatic or semi-automatic 
that utilizes some of the gas pressure to cycle the action. 
gauge: A unit of bore size for a shotgun. Rarely used on other bores. 
gilding metal: An alloy of copper and zinc, or a similar alloy, uscd for bullet 
jackets. 
grain: A unit of weight used to measure powder and bullets. 1 grain = 1 / 
7000 of an avoirdupois pound. 1 oz. ау, = 437.5 grain. It is incorrect to use 
grain to describe the powder pellets, although this is common even in 
military manuals. 
gram: The basic unit of weight in the metric system equal to about 1/28" of 
an ounce. 
gravity: The force that pulls object toward earth at tlie rate of acceleration of 
32.1741 feet per second. 
Greenhill Formula: A formula developed by Sir Alfred Greenhill to 
determine the correct amount of rifling twist for proper stability. 
grooves: The lengthwise helix rifling (channels) in the bore. Also is a groove 
in a cartridge case or projectile. See cannelure. 
group: Target hits fired at one setting with the same gun and ammunition 
lot. A cluster. 
gunpowder: A word used for black powder, which is incorrectly used for all 
propellants. 
gyroscopic stability; Lack of wobble and erratic behavior because of the 
spin from the rifling. This conforms to complex laws of physical science. 


H 
hammer: The component that drives the firing pin. It may be either exposed 
or concealed. 
handgun: A firearm intended to be fired by one hand although most 
defensive combat techniques now use both hands. It may be a single shot, a 
revolver, or à semi-automatic. Pistol is used synonymously although not all 
handguns are technically pistols. 
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hand-loading: Another term for reloading where the case or hull is 
repeatedly used over again either to save money or to develop special loads. 
hangfire: It is the [ate ignition of a cartridge after the firing pin has hit the 
primer, a very shon delay of not over 8, or 10 milliseconds. The shooter 
should not be able to notice two separate sounds, as “click-boom,” The term 
is occasionally used incorrectly. A long delay is not а hangfire, but in either 
case, the muzzle must be pointed in a safe direction until the problem is 
solved, 

hardening: Many processes are used for increasing the hardness of metal. 
All involve heating and cooling. 

headspace: The distance in the breech or chamber between the rear face and 
the front part where the cartridge is held or located. Its accuracy can be vital 
for both performance and safety. 

heat; In ballistics, heat is considered a form of energy whose effect is 
produced by the accelerated vibration of molecules. It can be transferred 
between bodies through a temperature difference by radiation, convection, 
and conduction, 

helix: The 3 dimensional curved path of a screw, rifling, or in some ways, a 
trajectory. Frequently called spiral, but helix is the proper term. A spiral is 
on one plane, not three, 

high-angle-fire: A term from artillery defined as shots delivered at 
elevations greater than the elevation of maximum range. The range of fire 
decreases as the angle of elevation increases. Mortars deliver high-angle-fire, 
although any firearm can do so. 

high velocity: A muzzle velocity between 3,500 and 5,000 feet per second as 
specified by the U.S. Army. 

holding off: Compensating for wind deflection by aiming to the side into the 
wind. No sight adjustment is made. 

hold over: Compensating for range trajectory by holding high so the bullet 
will correctly drop to the target. No sight adjustment is made. 

hollow point: A bullet with a cavity at the nose to aid in ex i im 

ad теа Гу pansion at impact 
honing: Polishing and metal removal with a stone. 

hypervelocity: A muzzle velocity in excess of 5,000 feet | 
specified by the U.S. Army. anie 


[22Í————————-—— 
ignition: The term applied to the firing or burning of the powder. It is 
тарен es ак ré ушы Nash alone as ignition, although it will or 
may sta ignition. A certain hi ture i 1 i 
En can кене ы rain high temperature is required, normally in the 
ignition time: The short span of time between when the hammer or pin hits 
thé primer and the gas pressure causes the bullet to move. Normally about 
{0002 of a second (2 ten-thousandths), 
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impulse: Product of thrust * time. 

inertia: The tendency to remain at rest or if moving, preserve the motion and 
direction unless affected by an outside force. 

Ingalls’ Tables: Tables developed by Col. J. M. Ingalls for the computation 
of trajectory, remaining velocity, time of flight, etc. 

inhibitor: A material applied to surface(s) of powder to prevent burning on 
the coated surface(s). 

initial recoil: This is thé small beginning recoil that happens before the 
bullet leaves the muzzle. 

interior ballistics: This is the area of ballistic science that deals with things 
that happen in the firearm while the bullet is still inside the bore. In the 
interior, so to speak. 

inverse: Opposite or inverted order as a quantity 1s greater or less according 
as another is less or greater. 


J 
jacket: The metal covering enclosing the bullet's core. Usually copper, steel, 
or gilding metal over lead. 

Journée’s Formula: A formula thai determines the approximate range for 
shotgun pellets by stating that it will be about 2,200 times the pellet diameter 
in inches. 

jump: The change in the bore position after firing, but while the bullet is 
still inside the bore. 


K 
Kentucky windage: Slang term for aiming to the side (holdover) without 
sight adjustment to compensate for wind deflection. 
keyhole: The elongated keyhole shape in a target from an unstable, tumbling 
bullet. 
kick: A relative term for felt recoil. It is not the same as measured recoil. 
killing power: An inexact and loose term on how effective a bullet is in 
killing for game or self-defense. 
kinetic energy: The energy of a body resulting from its motion, as opposed 
to potential energy. 
knot: A measurement of velocity equal to one nautical mile per hour. 
(6,076. 10 feet per hour) 


lands: The raised area of the bore in a rifled barrel that is between the 


grooves. 

lap: Polishing and metal removal with a fine abrasive compound. 

lead: (Pronounced leed.) The aiming forward (ahead) of a moving target or 
ihe distance involved while compensating for its speed. 
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leade; also spelled lede: (Pronounced Iced.) Also called throat, The area 
immediately ahead of the chamber that is cut on a taper by the chamber 
reamer This aids the bullet in fitting into the bore. It is sometimes 
incorrectly called freebore, which is siraight instead of tapered. Note: The 
final е spelling on lende is a colloquialism and used only in regard to 
ballistics and firearms. This spelling is not found їп а standard dictionary. 
level point: The point on the descending branch of a trajectory where the 
descending projectile is at the same horizontal altitude as the muzzle or 
origin. The point where the trajectory cuts the base, which is sometimes 
referred to as point o fall. 

linear: An algebraic equation of the first degree whose variable quantity or 
quantities are in the first power only, as opposed to a second degree 
quadratic equation, Also meaning pertaining to a line or lines in a straight 
direction, and in mathematics, numbers that have relation to length only, 

line of bore: The imaginary straight line extending through and from the 
bore centerline. 

line of departure: Same as line of bore. 

line of elevation: In artillery, the same as line of bore. 

line of sight: A conceptual line through the sights or scope to the target, i.e. 
а straight line joining the origin and a point, usually the target, 

line of site: The imaginary straight line extending from the firearm to the 
target. 

load: This word has 4 meanings in firearm ballistics. (1) mown, A single 
round of ammunition. (2) nown. A charge of powder. (3) verb. To insert 
ammunition into the magazine or chamber. (4) verb. To reload or hand-load 
ammunition. 

loading density: The ratio between the charge weight and the water weight 
that will fill the powder space in the case. It is frequently misunderstood by 
experts and thought to denote percentage of volume. It does not. If the case 
is filled with powder to the base of the bullet or it has an air space, the actual 
loading density may be identical. 

lock time or lock speed: The time it takes the hammer or fining pin to fall 
and detonate the primer. A short time is best because it reduces the chance of 
Eun movement away from the point of aim. Modern firearms can run as short 
as 0020 af a second. Muzzle-loaders can be up to 5 times as long. 

LUP: Short for Lead Units of Pressure, Used as a method of determining the 
internal pressure inside a firearm during use. A relative term based on the 
amount of flattening or crushing of a lead pellet with special laboratory 
equipment. LUP is generally used below the 10,000 mark. There is also a 
CUP gauge used above 10,000. (See CUP) Neither is the same às p.s.i 
although there is a relationship. E^ 
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magazine: A container for storing ammunition for feeding into a firearm. It 
may be detachable or a fixed part of the firearm. Also, a military term for a 
storage area for ammunition and powder, 

magnum: It normally means a cartridge or shot-shell that is loaded heavier 
or larger than normal. Usually they give higher velocities or have more shot. 
The term is of British derivation. It can be meaningless as far as actual 
velocities, killing power, or pressure is concerned, That is because in some 
examples, other cartridges may have more velocity, accuracy, and killing 
power in a standard cartridge. 

mass: The quantity of a body as measured in its relation to inertia. Obtained 
by dividing its weight by the acceleration due to gravity. One of the three 
fundamental quantities, along with length and time, in mechanical 
measurement. 

maximum mean radius: A term used in military ammunition specifications 
to give the grouping ability of the ammo. After a shot group has been fired, 
the center is determined and the distance is measured to each hit, This 
distance is totaled and then divided by the number of shots in the group. 
Also described as the average of the radial distances from the center of 
impact. 

maximum ordinate: An artillery term for the highest point along the 
trajectory of a projectile. It is the difference in altitude (vertical interval) 
between the origin and the summit, 

maximum range: The range at which a cartridge or shot-shell is effective. 
The figures are not to be used as suitable for hunting. 

mean radius: À way of measuring group size based on the average distance 
from the center of the group. 

mean vertical or horizontal deviation: This is the average distance from 
the center of impact of a target group. 

meplat: The blunt forward end of a bullet measured by its diameter, 

metal cased: A term used for bullets that have the forward end covered with 
metal Their main use is for heavy game with tough skins, for instance 
elephants, and military. 

meteorological data: Facts about the atmosphere, such as wind, 
temperature, air density and other phenomena which affect ballistics. 
midrange trajectory: The highest vertical point in the curved trajectory 
above the line of sight. Measured in inches. 

MIL: The U.S. Army's method of angular measurement. MOA is the 
civilian. MIL is 1/6400" of a circle. This is equal to 1/1000" of the range and 
chosen for its convenience. Technically, it would be 1/6283" of a circle, 
Minute Of Angle: М.О.А, is used to give group size and sight adjustment. 
Roughly 1" at 100 yards and 1/60" of 1 degree. More precise figures are 
included in Chapter 18. 
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misfire: The failure of a cartridge to fire after the primer has been hit, not a 
delay, but a total flop. Always caused by defective ammunition and not a 
defective firearm. 

moment: Force in rotary motion. Similar to torque. They are the twisting or 
rotating forces applied to an object. Moment is the product of a specified 
force or mass and its distance from its axis or plane. 

momentum: The impetus of a moving object. It is equal to the product of 
its mass and its velocity. 

mouth: The opening of a cartridge where the bullet is placed. 

mushroom: A term used to describe a bullet's shape after expanding on 
impact, because of the resemblance to the fungi with an umbrella-like top. 
Not all bullets react in this way. 

muzzle: The open forward end of the barrel. 

muszle blast: The push of hot gas escaping the bore as the projectile exits. Tt 
has a big effect on kick, recoil and in some cases, trajectory. 

muzzle energy; Bullet energy as it exits the muzzle. Usually given in foot- 
pounds. 

muszle jump: A sudden rise of the barrel following ignition. Usually affects 
trajectory because it will happen before the projectile exits the barrel. It may 
change impact point if ammo is varied. The main cause is the gun design, 
which places centerline of the bore above the mass of the firearm, 
muzzleloader: A firearm, either new or old, with a solid breech that is 
loaded with powder and projectile through the muzzle end. 

muzzle velocity: The projectile's speed leaving the bore, with respect to the 
bare. 

muzzle velocity variation: The change in muzzle velocity from the standard 
muzzle velocity. 


N mE 
National Rifle Association, The - A non-profit organization formed in 187] 
lo represent the interests of gun owners and sportsman, It is involved in 
safety education, marksmanship training for both police officers and 
civilians, and many other worthwhile projects. (It is invaluable in this 
historic period where many well meaning groups incorrectly believe that 
preventing honest people from possessing firearms will prevent the criminals 
from using theirs The lower elements of society will still have and use 
weapons, After all, laws are only followed by the lawful.) 
neck: The little front end of a bottlenecked cartridge case. 
nitrocellulose: The base for modern powder made of cotton or a similar 
cellulose product, and impregnated with sulfuric and nitric acids. 
nitroglycerin (E): A thick liquid made by treating glycerin with nitric and 
Sulfuric acid. CHNO) 
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nomenclature: The orderly classification of the miscellaneous parts of a 
firearm. 


О - 
ebturate: To close a gun breech so the gas cannot escape except out the 
bore. This is usually accomplished by the cartridge case itself. 
obturation: Any process that prevents the escape of gases from the bore of a 
firearm during firing. 
ogive: The curved area close to the front of a projectile extending from the 
tip or meplat to the main cylindrical portion (bearing surface) and the radius 
involved. Incorrectly used to describe all portions ahead of the bearing 
surface. 
origin of the trajectory: An artillery term for the center of the muzzle of the 
gun at the instant the projectile leaves it. 
over bore capacity: A quality of a cartridge that has too much volume in 
relation to the bore. This does not permit the complete and efficient burning 
of the charge. To a lesser degree, barrel length, bullet weight, and caliber are 
also involved. 


Pp--- 
Parabellum: This word is normally used in connection with the Lugar pistol 
and its 9-mm cartridge. It means, "prepare for war." Supposedly, it comes 
from a Latin expression of around the 4th. Century, sí vis pacem, para 
bellum. ("If you want peace, prepare for war.") Many are following these 
words when they carry a concealed weapon, even if they do not think of it in 
parabolic curve: The normal way to describe a projectiles curved 
trajectory. This is incorrect because the second half of the curve does not 
match the first half because drag slows the bullet. The highest point is at 
about 55% of the curve. Correctly, the trajectory is an unsymmetrical line 
called a ballistic curve. 
pattern: The distribution of shot pellets normally tested at 40 yards. 
pellet: The round spherical shot used as projectiles in shot-shells. Also 
skirted or waisted pellets as used in spring or air gums. 

Pi: ( x ) Used in mathematical formulas to represent the ratio of the 
circumference of a circle to its diameter. For most use, 3.1416 is more than 
adequate for the infinite number. 

Piezo-electric crystal: A mineral, usually quartz, which generates а small 
electric charge (electromotive force) when acted upon by pressure. It is used 
in ballistic laboratories to measure chamber pressure in a Piezo quartz crystal 
gauge. 

pistol: This word is used in place of handgun to cover semi-auto, revolvers, 
eic. Some books limit its use to guns with fixed chambers, i.e. semi-autos but 
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not revolvers. While this is technically correct, common usage now makes it 
synonymous with handgun 

pitch: This word has three meanings in connection with firearms, The only 
ballistics definition concerns the pitch of rifling, It is the angle of the rifling 
helix to the bore axis, The twist angle. 

point blank range: An expression with 3 definitions, (1) In colloquial use 
(slang), it is used to indicate a very close range with no precise limits. This is 
common in pulp fiction and TV detective shows when they are written by 
wrilers with no knowledge of firearms. This is incorrect usage. (2) The first 
range that requires no elevation change either up or down to hit point of aim, 
The point where the projectile crosses the line that extends through the sights 
because of the angular difference with the bore line. This first point will be 
just a few yards range even when the 2nd. primary point is 100 yards or 300 
yards. (See sketches in Chapter 17.) This usage is seldom used but is correct. 
(3) Common correct usage is to describe the maximum distance that will 
result in an accurate hit in the vital area with the sights set on the target 
correctly. If the diameter of the vital area were 8", then the sights would be 
adjusted for the range that would not let the bullet pass more than 4" above 
or below the center of the circle, 

potassium nitrate: A chemical frequently called saltpeter. One of the three 
main ingredients in early black powder. (75%) 

powder: The black or modern smokeless propellant that is rapidly burned to 
create the gas that pushes the projectile from the gun. Modern propellants are 
no longer powders, but the term persists. 

powder efficiency: Thermal efficiency. The propellants capacity to produce 
heat energy for its weight. Also used to describe the velocity and energy 
obtained from a given chamber pressure and/or given amount of propellant. 
power: In mathematics, the multiplication of a quantity by itself as 4 is the 
second power of 2 ( 2°). Also force, strength, etc, with the energy of linear 
or rotational motion. 

precision: In target shooting, it is how well shots are grouped and the 
measure is to each other no matter how close or far from a target center. 
pressure: As used in firearm ballistics, it is the thrust of the gas (force) 
created by igniting the powder charge. This tlirust is against the interior of 
the case, the chamber, base of the bullet, etc. Safe pressure can vary from 
5,000 p.si. for а black powder gun and 15,000 psi. for a 38 Special 
revolver to 54,000 p.s.i. for a .270 Winchester rifle and 55,000 p.s.i, in a .22- 
250 Remington rifle. All are averages and the .22-250 is not the highest, but 
dam close. 

pressure peak: The maximum chamber pressure, usually soon after ignition 
and before the projectile has traveled over a few inches to 4 the barrel length. 
primer: Usually a metal cup holding an explosive mixture that, by a sudden 
blow, detonates and ignites Ше powder charge. Lead styphuate and 
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previously, metallic fulminate are used. All U.S. made primers are now non- 
corrosive. The primer can also be rimfire and located in the cartridge’s rim. 
progressive: A powder type with a burn rate that increases as the pressure 
Incresmscs. 

projectile: Any object such as a bullet, shot pellets, shell, etc. that is 
projected, hurled or shot from a gun. A force exterior from it starts its motion 
and its motion is continued by inertia. Technically, a bullet, for example, 
does not become a projectile until it exits the barrel and takes flight. 

proof: An intentional over-/oad to test a firearm for strength. The preof-load 
is usually about 25 % over normal. 

propellant: noun. The powder charge that is ignited to propel or push the 
projectile. Smokeless powder is the most commonplace, but black powder, 
CO, or compressed air would also be correct usage with a firearm that used 
that method. 

propellent: adjective. Note the spelling with an e instead of an a. 

propelling charge: A powder charge that is set off in à weapon to propel a 
projectile from it: the propellant. 

pyrocellulose: A product in smokeless powder that has a lower nitration 
than guncotton. 


Q 
quench: A term used in heat-treating. It is an immersion of the metal in oil, 
water, air, etc. to cool it rapidly after heating. The result, if done with care 
and to specifications, will either harden, stress relieve, etc., i.e. change the 
properties to a desired state. 


R 


range: Distance to an intended target from any given point Also a place 
where shooting is safe and organized as in a target range. 

range correction: A change in firing to allow for corrections due to 
weather, ammunition, or other nonstandard conditions. 

range probable error: A term with its origins in arüllery, meaning the 
range error caused by dispersion that will be exceeded as often as not in an 
infinite number of rounds fired at the same elevation. It is one-eight the 
length of the dispersion pattern at its greatest length. 

ratio: An expression of relationship or proportion between two numbers or 
similar things. 

recoil: The backward push of a firearm in measured thrust. Incorrectly called 
kick, which is felt by the shooter, but is not the same as the recoil. 

recoil operated: A locking breech firearm, cither semi-automatic ог 
automatic that utilizes some of the recoil energy to cycle the action. 
reloading: Also called hand loading, it is the recharging of a used case by 
installing a new primer, powder, and bullet. 
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report: Term used for the loud sound when a gun is fired. 

revolver: A gun that has a cylinder that holds the cartridges and rotates to 
align each, one at à time, with the barrel. Usually a handgun, but a few long 
barrel guns, cven shotguns have been made using this principle. 

revolver, double action: A revolver that can be fired by pulling the trigger 
without (umbing back the hammer. The hammer, whether exposed or 
concealed, 1s cocked by the internal mechanism. The trigger does double 
duty. It cocks the action and releases the hammer. 

revolver, single action: À revolver that can only be fired by cocking the 
hammer back manually before the trigger is pulled. The trigger does just the 
single job of releasing the hammer 

ricochet: A word with a French background that means to rebound or skip. 
Bullets that hit an object at an oblique angle can glance away in a new 
direction. 

rifling: The name used for the helix grooves in the bore of a firearm, They 
create the spin to the projectile that is needed for gyroscopic stability and 
accuracy. Rifling is not used in just rifles but also in handguns, cannons, and 
shoigun barrels intended for slugs. 

rimfire: A type of cartridge where the primer is located around the rim 
instead of in a center pocket. Today, most are .22 caliber. In the last half of 
the 1800's, many other sizes were popular, They died out, partly because 
they are not practical to reload. 

Rockwell: One of the many scales or methods of determining the relative 
hardness of an object, usually a metal such as steel. 


——— 
sabot: Pronounced say-bo or sab-o, A word of French origin for a carrier 
that fits around a projectile that is smaller than the bore. The sabot falls away 
when exiting the barrel. Originally designed for military use for bullets with 
extreme points on the rear. Now popular for shotgun slugs. 
saltpeter or saltpetre: An ingredient in black powder. Potassium nitrate and 
also sodium nitrate. 

Saturday night special: Originally the term was applied to cheap handguns 
that were little more than junk. Now it is used incorrectly to describe any 
handgun, regardless of condition or value. The term is slang and not 
accepted by knowledgeable people. Anti-gun groups and occasionally the 
media use it for all handguns, even the most prized and expensive. 
Therefore, the term is meaningless. See Suicide Special, 

seating depth: The depth or distance the bullet is placed in the open forward 
end of the case. 

sectional density: With bullets, it is a ratio of ils mass in pounds to the 
square of its diameter in inches (cross section). SD = bullet weight in pounds 
divided by the bullet's diameter in inches squared. | 
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selective fire: A fully automatic firearm where the shooter selects either full 
automatic or semi-automatic. 

semi-automatic: A firearm that is self-loading but will fire only one time 
when the trigger is pulled. Holding back the trigger will not fire another 
cartridge. The trigger would have to be released and pulled again. 

shot: The spherical pellets used in shotgun shells and some spectal cartridges 
for rifles and handguns. They come in many sizes for different needs. 
Usually lead, steel or bismuth composition, but other materials are 
occasionally used: also, a single discharge of a firearm of any type. 

shotgun: Normally thought of as a smoothbore shoulder gun for shooting a 
number of pellets at small game or clay targets. Some modern shotguns have 
rifled barrels to impart spin and gyroscopic stability to slugs. 

sighting in: The adjusting of the sights for elevation and windage so the 
projectile will strike a pre-intended point at a pre-intended range. 

sights: The apparatus required for accurate aiming of the weapon. 

single action: See revolver, single action. 

single-base propellant: A propellant comprising only one ingredient, e.g, 
nitrocellulose. 

slug: Occasionally it is used as a synonym for bullet but it is more 
commonly used for large shotgun projectiles. In ballistics and science, it is 
called the engineer's unit of mass. 1 slug 1 Ib. per ( ft, per sec." ) 

small arms: a gun of small caliber. In the Ordnance Corps, the term is 
presently applied to guns up to and including 1”, including hand and 
shoulder weapons, pistols, carbines, rifles, and shotguns. 

smokeless powder: Usually considered modern powder, although it was 
discovered in 1832 and perfected in 1884. Interestingly, it is not smokeless 
or a powder. lt is made in both single base and double base types. 
Technically, a solid monopropellant comprising nitrocellulose, with or 
without oxidizing and/or fuel plasticizers. 

sodium nitrate: It was frequently an ingredient in black powder (75%) in 
place of potassium nitrate. 

specific gravity: The term used to describe the ratio of the mass of a solid or 
a liquid to the mass of an equal volume of water, at à standard temperature. 
With a gas it is usually expressed in terms of hydrogen or air. 

speed of rotation: Used in connection with rifling and bullet stability and 
expressed in revolutions per second instead of the revolutions per minute 
which is common with slower turning objects. 

speed of sound: A major point in the study of airflow, И varies from 573.8 
Knots per hour at -69.7" Е. to 661.7 Knots at 590^ Е. The best figure for 
bullets is 1,120 feet per second but it will change slightly with temperature 
and temperature only. (See pages 147-149.) 

spiral: A term incorrectly used to describe the rifling grooves in à barrel. A 
spiral has a constantly decreasing or increasing radius in a single plane. See 
Helix. 
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spitzer: A bullet or bullet point that has а tapered end with a sharp tip 

squib: Squib load. A cartridge loaded to less than normal powder charge. It 
will produce less pressure and velocity 

standard deviation: A mathematical measure of variation from the average 
that gives emphasis to the extreme variations. It is common in velocity 
studies. 

stopping power: An inexact term for the capacity of a firearm, cartridge, 
and/or bullet to stop a drugged-up felon or dangerous hunted game. Stopping 
is harder to do than killing. Death may come later from blood loss from a 
wound that failed to disable. 

striking power: Energy available at point of impact, Depending on the 
cartridge and range, it may be considerably less than muzzle energy, 

striking velocity: Velocity at point of impact. Depending on the cartridge 
and range, it may be considerably less than muzzle velocity. 

suicide special: Term originally used to describe cheap pocket guns made in 
the late 1800's. The term became popular in the 1940's and recently has been 
used incorrectly for all handguns. See Saturday Night Special. 

sulfur: A chemical that comprised about 10% of black powder. 

sustained rate of fire: The actual rate of fire that à weapon can continue to 
deliver for an indefinite length of time without seriously overheating. 


q---—- 
temperature effect: The change in a projectile's performance caused by a 
change in temperature. It can be the atmospheric temperature or the 
propellant's temperature, 
tensile strength; A figure given in pounds per square inch that is used to 
compare one material to another. It is the resistance to deformation at the 
fracture point and is obtained by dividing the maximum load during the test 
by the original cross-sectional area, 
terminal velocity: See Velocity, Terminal 
throat: See leade. 
time of flight: The time in seconds from the instant a projectile leaves the 
muzzle of a weapon to the instant it strikes. 
tolerance: An allowable variation from a dimension In firearms and 
ammunition, it is usually very small. 
torque: A force that produces a rotating or twisting motion. In firearms it 
will twist the gun in the opposite direction as the rifling. It can be very 
noüceable in big magnum handguns and light rifles with high velocity 
cartridges. All firearms will have it in some amount, but it may not be 
noticeable, Torque may be called moment. 
trajectory: The curved path of a projectile, missile, or bomb in flight. It can 
be measured by drop or midrange height. 
transverse: Across or crosswise (perpendicular) to an axis. 
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trigonometry; Mathematics that deals with the ratios between the sides of 
triangles, the relations between these ratios, and the application of these 
facts, in finding the unknown sides or angles of any triangle. 

triple-base propellant: Propellant with three “explosive” ingredients, such 
as nitrocellulose, nitroglycerin, and nitroguanidine. 

tumbling: The disorderly end over end roll of an unstable bullet. 

twist: The rifling grooves helix (incorrectly called a spiral) is expressed in a 
twist rate of turns per inch to either the right or left. A 1:10 twist would 
complete one turn in 10 inches. 


U co 
upset, bullet: The changes to a bullet from the extreme pressure and 
temperature of ignition. The flow of metal às it expands to fill its available 
space inside the firearm. Soft bullets will be changed more than hard bullets. 


V — 
vacuum: A space with nothing at all in it, completely empty of all matter. 
velocity: A rate of motion or speed in a particular direction in relation to 
time. Projectile velocity is expressed in feet per second (f p.s.) and can be 
measured or calculated at any place from the muzzle to impact. 
velocity, estimated: A figure based on experience and comparison. 
velocity, instrumental: A figure based on measurements by a chronograph. 
velocity, muzzle: A figure taken at the muzzle. Usually taken from a short 
distance to avoid damage to the equipment from the blast of gas and then 
converted to zero range. 
velocity, striking: A projectile's velocity at impact. 
velocity, terminal: Incorrectly used to indicate striking or down range 
velocity. Correctly, it is the velocity of a falling object after the velocity has 
stabilized where the air drag and pull of gravity have cancelled each other 
out. Therefore, the falling velocity will remain the same unless acted upon 
by another force or changed in some way. 
vertical angle: The angle measured vertically, up or down, from a horizontal 
plane of reference. The vertical angle is expressed as plus ог minus 
depending on whether the position is above (plus) or below (minus) the 
horizontal plane. 
vibration: Rapid rhythmic motions back and forth, a quiver. The barrel of à 
firearm, especially rifles, will go through a small motion sometimes said to 
be a vibration. Whether vibration is the proper word is debated, but the 
motion is real Other motions as jump and whip, etc, are separate and 
different although all occur at almost the same instant in time. 
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wadcutter: A bullet with a flat, blunt end that is designed to punch a clean 
hole in a target. It is good for its purpose but suitable for only short range 
because it is poor from a ballistic standpoint. 
wave: A series of advancing impulses through the air or a liquid. The shock 
waves from à transonic or supersonic bullet, also, the wave of air ahead of 
the projectile and the gas behind the bullet at hyper-velocity. 
web: Thickness of propellant wall consumed by burning. 
whip: A sudden, quick movement, usually associated with a rifle barrel as 
the bullet exits the muzzle. 
windage: A word with four meanings. Both the horizontal (lateral) 
movement of a sight and another term for wind deflection. Also in cannon 
and muzzle-loaders, the extra clearance between the smaller projectile and 
the larger bore and the gas that will escape through the gap. 
wind correction: Adjustments used to defeat the wind's effect on a 
projectile. 
wind deflection: See deflection. 
wobble; Sometimes incorrectly spelled wabble, The movement of a bullet 
that is unstable because of damage or a flaw in manufacture. It can also be 
caused by poor gyroscopic stability where it will show up at extreme long 
range. The latter is rare because of the distance and time required, 


X 
x-ring. The small center area of a target. It is used for tie breaking. The size 
will vary with the type of target. 


Y is 
yaw: To swing the axis of a bullet from the line of flight. Usually given as 
an angle and unintentional. 


Taea 
zero: Sights set so the projectile will strike at a specific range. 
zeroing in: Adjusting the sights so the projectile will strike where intended 
al a specific range. 
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Action time, 59, 394 
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Airguns, 328-329 
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defined, 394 
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American Rifleman, The, 73, 85, 
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Artillery, 395, (See Cannon) 
Askin, Col. Charles, 115 
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Auiofrettage stress relief, 82 
Ayoob, Massad, 357 
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Bacon, Roger, 21-22 
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Ballistic efficiency, 45 
Ballistic pendulum, (See 
Pendulum, ballistic.) 
Ballistrate (ballistrite), 34 
Ball powder, 35 
Barometric pressure, 179-180, 
376 
Barrel, 396 
chapter, 116-126 
choke, 125-126 
concentricity, 125 
Damascus, 80 
diameter, 116, 119, 123-126 
European length, 123 
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expansion, 56-57 
flex, 56-59 
flex, handgun, 327 
handgun, 322-323 
heating, 243-244 
jump, 61 
lapping, 124 
length, 64, 117-118, 120, 126 
322-323 
measuring, 121-123 
life, 124-125 
obstruction, 41, 64 
octagon shape, 121 
straightening, 116-117 
time, 63, 396 
tracer, 203-204 
twist, 57 (See Chapter 12 
beginning on page 127.) 
vibration, 57-58, 396 
weight, 123, 322-323 
whip, flex, etc. 2, 56-59, 319 
396 
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Bell, Alexander Graham, 237 
Berdan, Hiram, 20 
Bernoulli, 5 
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Black powder, 21-24, 67, 397 
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Bomb, ballistic, 27, 44 
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Boulengé, Paul Emil le, 154 
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Boxer, Edward, 20 
Boyle's law, 235 
Bracketing, 242 
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Bulk density, (See Density, bulk.) 


Bulk powder, 25, 35, 37, 40 
Bullets, 1-3, 397 
armor-piercing, military, 
166. 204, 215 
bearing arca, 207 
boat-tail base, 204-206, 397 
cast, 144 
chapter, 199-219 
conical, 203 
construction, 369 
drop, 398 
dropped at muzzle, 164-165 
expansion, 339, 354-355 
experiments, 210-212 
hollow point, (See Hallow 
point under "HYY 
jacket, 210, 405 
lead, 200-201 
mass, 369 
meplat, 201, 207 
muzzle loading, 203 
nomenclature, 201 
ogive, 206-207 
shape, 110, 114, 369 
spin, 344-345 
spitzer, 208 
symmetry, 209-210 
tip, 178, 208 
tracer, 203-204, 215 
types, 199-200 
velocity & weight, 208-200 
varmints, best for, 202-203 
weight, 9, 200, 204-205, 208- 
210, 212-213 
handgun, 327 
Burning, degressive, 26 
Burning, neutral, 26 
Burning, progressive, 26 
Burning rate, 25-26, 398 
E 
Calculus explained, 12 
Caliber, 123,129, 398 
Cannelure, 201 
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ballistic tables, 333 
barrel length, 331 
gravity, 332-333 
projectiles, 144, 331 
trajectory, 332 
Canting, 251-252, 398 
Carbohydrate, 30, 33 
Carbon, 21-22, 28, 30, 32, 39-40, 
398 
Carbon dioxide, 22, 28 
Carbon monoxide, 22, 28 
Carnot, 36 
Cartridge, 398 
center fire, 188 
chapter, 187-198 
flash tube, 188-189 
rimfire, 188 
shape, 62 
volume, 192 
Case, 1-2, 398 
aluminum, 196 
brass, 195-196 
bulges, 194-195 
concentricity, 195 
reading for pressure signs, 
51-53 
variations, 194 
Casc-hardening of steel, 83, 398 
Cellulose, 30-31, 33 
Chamber, 1, 45-47, 55, 116, 
121, 398 
Chamberline, Col. Frank, 346 
Chaney, Officer Steve, 358-359 
Chapman, John, 125 
Charcoal, 21-23, 35 
Chart plotting, 263 
Choke, 286-289, 399 
Ithaca & Charles Daly, 317 
longevity, 289 
pattern testing, 290-292 
percent of reduction, 288-289 
rifle barrels, 125-126 
Chronograph, 154-155, 177-180, 
399 


Clark University, 50 
Clausius, 36 
Closed bomb, 27, 44 
Coefficient, 399 
ballistic, 170-172, 183-185, 
396 
form, 174-176, 399, 402 
Collimators, 375-376, 399 
Compensation (barrel 
movement), 60, 799 
Computers, 378-379 
Concealed weapons, 371-372 
Concentric bore, 116-117, 125 
Conical shape, 203 
Controversy, 6 
Conversion tables, 9-10, 399 
Cooking-off, 42-43 
Cordite, 34, 399 
Coriolis, Gaspard, & effect, 106 
Corrosion, 87, 399 
Coulomb, 50 
Cross sectional area, 119, 344 
Cycloidal movement, 103 
Cylindro-concoidal bullet shape, 
207 
Cylindro-ogival bullet shape, 207 
ZA Un 
Damascus barrels, 80, 400 
Davis, William C. Jr., 73, 77, 
122, 164, 185, 316 
Decomposition, 19, 22, 31-32 
Deflection (See Wind deflection.) 
Delay time, 276-280 
Density, air, 162-163, 233-234, 
394, 400 
bulk, 193-194 
loading, 193-194, 400 
sectional, 412, (See Sectional 
density.) 
Detonation, 29 
Deviation, vertical & horizontal, 
259 
Dispersion, vertical & horizontal, 
259. 400 
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at range, 263 
Double-base powder, 33-35 
Drag, 161-162, 400 
chapter, 147-169 
coefficient of, 163 
Drift, vertical, 108, 400 
Drop at range, 165 
bullet at muzzle, 164-165 
Drug induced terminal ballistic 
problems, 357-359 
—E-—- 
Earth's rotation effect, 3, 106-108 
Efficiency, 47 
Elastic properties, 61-62, 401 
Elevation angle, 239, 395, 401 
Energy, 239, 340-342, 401 
murzle, 48 
kinetic, 14-17, 405 
factor, 15-16 
Equation of state, 44 
Erosion, 87, 401 
Ether, 24, 31, 33 
Evaluation of target groups, 
258-259 
Expansion, 401 
barrel, 56-57 
ratio, 47, 118-120, 401 
Exterior ballistics, 4 
Extreme dispersion, 401 
Extreme spread, 259, 263, 401 
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Fable, Steve's, 7 
answer, 385-386 
Federal Aviation Administration 
Handbook, 93 
Federal Bureau of Investigation 
Tests, 364-365 
Federal Cartridge Corp., 126 
Firearm operation sequence, 1-3 
Flash tube cartridge design, 188- 
189 
Flechettes, 212 
Forcing cone, 312-315 


Forensic ballistics, 4, 402 
bullet identification, 388-394 
bullet skid marks, 390-391 
case examination, 191-392 
chapter, 387-393 
crime scene, 188 
firearm performance test, 392 
powder residue, 392 

Form factor (ee Coefficient af 
Form.) 
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Francotte, 72 

Freebore, 135-137, 402 

Freemantle, 106-107 

Friction, 47, 402 

Fulminate of mercury, 19 

Erie Ey 

Gain twist, 134, 403 

Galilei; Galileo, 5, 14, 151 

Gauss, Carl F., 8 

Geepound, 16 

Gelatin, ballistic tests, 336, 347- 
348 

Geneva Convention, 368 

Glock handgun, 87 

Gravity, 13-17, 93, 96-98, 

103-104, 109-110, 
328, 332-333, 398, 403 
specific, 413 

Greenhill, Sir Alfred & formula 
for rotation, 141-143, 403 

Groove, definition, 128, 403 
depth, 131 
depth, decreasing, 135 
number of, 130-13] 

Gunpowder, 403, (See Powder.) 

Gyroscopic 
action, 3 
chapter, 88-111 
drift, 3, 103-106 
stability, 403 
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Hague, 366 

Halford, Sir Henry, 106 
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Handgun, 403 
barrel flex, 327 
barrel length / velocity, 322- 
323 
chapter, 318-327 
long range shooting, 323 
plus "P^ ammo, 326 
recoil, 73 
revolver, 324-326, 412 
rifling, 323 
self defense 9-mm, 372-373 
semi-auto, 325-326 
sights, 319-321 
trajectory, 318-319, 321-322 
Hardening of stecl, 82-83 
Hatcher, Gen. J. S., 105, 249, 
342, 346, 360-363, 365 
Headspace, 196-198, 404 
Heat treatment of steel, 
(See Metallurgy.) 
Heel, 204 
Helix, 127-129, 132, 138, 404 
Helmholtz, 36 
Hercules powder, 34 
History, 4-6, 127, 350 
Holland & Holland Lid., 312 
Hollow point bullets, 366-369, 
404, (Also see Bullet Chapter 
page 1994) 
stability, 110 
velocity of, 369 
Hooke, Robert & Hooke's law, 61 
Humidity, 179-180, 232, 235, 244 
Hydrogen, 28, 30 
Hydrogen sulfide, 22 
Ignition time, 63, 404 
IMR powders, 35 
Ingalls, Col. J. M. & tables, 176- 
177, 405 
Interior ballistics, 3, 405 
chapter, 45-65 
Iron nitrides, 39 
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Journee's formula, 270, 301- 
302, 405 

Jump, 61, 109, 405 

Keith, Elmer, 130, 351, 355 

Kelvin, 36 

Keyhole, 143, 346, 405 

Kick, 405 (See Recoil.) 

Kinematic viscosity, 339-340 
cohesive, 340 
viscous, 340 
water like, 340 

Kotter, Augustinius, 350 

Krupp, 176 
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Lag time, (See Delay time.) 

Lands, definition, 128, 405 
amount, 130-131 

Lateral jump, 109 

Lead styphnate, 19 

Line of sight, (See Sight line.) 

Loading density, 406, (See 
Density, loading.) 

Lock time, 63-64, 406 

Lowry, E. D., 178 
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Malter Arms Co., 211 

Manganese, 80-82, 86 


Marlin Multi-Groove rifling, 131 


Mass, 16-17, 68-69, 76-77, 89- 


90, 96-97, 108, 110-111, 150- 
151, 155-156, 161-162, 407 


Mathematics 
acceleration, 17-18 
ballistic coefficient, 183 
ballistic coefficient, pellet 
314 


ballistic pendulum, 150-151 


bore volume, 119 
bullet velocity, 369 
calculus explained, 12 
cartridge volume, 192 
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chapter, 8-12 
conversion tables, 9- 10 
delay time, 278 
displacement, 279 
dram equivalent, 9 
elevation angle, 232 
energy, 193, 343, 345 
energy at range, 353 
equation of state, 44 
expansion гапо, 119 
feet/sec. to mph, 9 
force, 209 

specific, 44 
form factor, 176 
Greenhill formula, 141-143 
helix angle, 128-129 
hypotenuse, 250 
kinetic energy, 14-17 
lock time, 64 


MOA, 255 
momentum, 343 
numerical integration, 186 
ogive length, 207 
parasitic drag, 162 
pressure, 209 

and velocity, 37-39 
recoil, 73, 76-78 
Relative Incapacitation Index, 

362 
revolving disk, 152 
rotation energy, 140-141 
rotation speed, 139 
scientific notation, 10-11 
sectional density, 173 
short range sights, 242 
shotgun lead, 315 
sight adjustment, 241 
specific force, 44 
speed of sound, 156 
spin, 345 
stability, 109-110 
standard deviation, 262 


sialic unbalance, 97 
symbols, 10 
time of flight, 164, 280 
lock, 64 
trajectary drop, 231 
trajectory ordinate, 240 
trigonometry explained, 10-11 
vacuum elevation, 225 
vacuum trajectory, 225 
velocity, 147 
Eas pressure, 37-39 
muzzle, 155 
viscosity, kinematic, 234 
wind deflection, pellet, 309 
уам, 96 
Maximum mean radius, 260, 407 
Maximum ordinate, 239, 407 
Maximum range, 407 
chapter, 265-271 
elevation, 265-266 
pellets, 301-302 
shotgun, 270 
22 LR, 268 
Mayer, 36 
Mayevski, Col, 176 
Meplat, 201, 207, 214, 407 
Metallurgy 
anneal, 395 
brcaks, 84-85 
chromium plating, 85 
elastic properties of steel, 61- 
62. 400 
hardening, 82-83, 398, 404 
normalizing, 83 
softening, 83 
slainless steel, 86 
steel classifications, 81-82 
Stellite, 86 
siress relieving, 82-83 
tempering, 82 
Titanium, 86-87 
Micrometer use, 52 
Mid range height, 237-238 
MILS, 256-258, 407 
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Minute of Angle (MOA), 255- 
258, 407 
MOL (MOLE), 36-37 
Molybdenum, 81-82, 86 
Momentum, 18, 340-344, 408 
Moving objects, firing from, 166- 
167 
Muzzleloading, 408 
gauge, 378 
velocity, 329-330 
Muzzle, 408 
blast, 67-68, 408 
brakes, 71-72 
climb, 68 
energy, 48, 408 
flash, secondary, 32-33 
taped, 378 
Muzzle, velocity, 408, (See, 
Velocity, muzzle.) 
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NATO standards, 384-385 
Newton, Sir Isaac, 5, 13-14, 16, 
18, бб, 89, 150, 176, 209 
Mitric acid, 31-33 
Nitrocellulose, 24, 30-31, 33-35, 
39, 408 
Nitrogen, 22, 30, 32-33, 39 
Nitrogen dioxide, 31 
Nitroglycerine, 24, 33-35, 39, 408 
Nobel, Alfred, 24, 33 
Norma, 41, 161 
Normalizing of steel, 83 
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Numerical integration, 186 
Nutation, 3, 93-96, 98 
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Ogive, 206-207, 409 
Olsen, Fred, 35 
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Oxygen, 21-22, 24, 28, 30, 32-33, 
36-37, 39-40 
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Parasitic drag, 161 
Pattern, 290-292, 409 
Pellets, 409, (Also see Shotgun.) 
vertical shots, 383-384 
Pendulum, ballistic, 5, 148-152, 
396 
Perfect gas law, 37 
Plastics, 87 
Point-blank range, 252-253, 410 
Pope, Harry, 132, 134 
Potassium chlorate, 19 
Potassium nitratc, 21-23, 410 
Poudre B, 24 
Powder, 1, 410 
ball, 35 
ballistite powder, 34 
basics, 21 
black powder, 21-24, 397 
substitute, 35-36 
burn rate, 25-26 
case volume, rule of thumb, 
43 
chemistry, 30-35 
choices, 40 
compressing, 20,194 
corydite, 34 
degressive burning, 26 
detonation, 29 
double base, 33-34, 400 
fires, in, 42-43 
IMR, 35 
modern, 24-26 
muzzleloader, 40 
neutral burning, 26 
particle size, 27 
position in case, 374-375 
progressive, 26, 34, 411 
pyrodex, 34 
reduced loads, 40-42 
relative quickness, 27 
shotgun, 35 
single base, 33, 413 
stability, 31-32 
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terms, 25 
types, 33-35 
velocity effect, 26 
Power factor, 264 
Precession, 90-93 
Precision, 259, 410 
Pressure, 1, 28-29, 398, 410 
average, 56 
basic, 45-46 
breech, 53 
bullet variation, 210 
case reading, 51-53 
copper & lead, 49-50 
gradient, 47 
grease, 46-47 
limit, 56 
peak, 53-55, 410 
Piezo-clectric testing, 50-5 1 
409 
Rodman, 48-19 
Testing, home method, 51 
Primer, 1, 410 
Berdan, 20 
Boxer, 20 
details, 19-21 
pictured, 198 
Propellant, 411, (See Powder.) 
Psychological factors, 371 
Pyrodex, 34 
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Rain interference, 7, 376, 385- 
386 
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Range, maximum effective, 271, 
299. 305, 309, 401 
Rankin temperature, 37-38 
Recoil, 355, 411 
autoloaders, 69-70 
basics, 66-67 
chapter, 66-79 
handguns, 73 


muzzle blast, 67-68 
reduction, 70-71 
rifles, 74 
shotguns, 74 
Reduced loads, 40-42 
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(RII), 361-363 
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Remington, 70, 75, 135, 184, 309 
Report (noise), 376-378, 412 
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153 
Ricochet, 3, 112-115, 412 
Rifling, 412 
chapter, 127-146 
factory specifications, 146 
gain twist, 134-135 
handgun, 323 
measuring, 137-138 
twist, 146, 415 
unusual types, 132 
Rimfire, 19-20, 188, 412 
Robins, Benjamin, 5, 148 
Rocket Ball bullet design, 211 
Rockwell hardness test, 81-84, 
412 
Rodman, Col. Thomas, 48-49 
Rotation speed, 139-141, 413 
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285, 382 
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Sabot, 211, 285, 305, 307-308, 
316, 412 
Salipeter, 21-24, 412 
schónbein, Christian, 24 
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174, 181, 338-339, 350, 412 
Selenium, 81,86 
Self-defense, 356-373 
drug-crazed criminals, 357- 
359 
Semi-auto pistols, 323, 325-327. 
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Shock waves, 157, 160 
Shotgun, 413 
buckshot, 302-305 
chamber length, 308-309 
chapter, 286-317 
chart of gauges, 315 
choke, 286-289, 317, 399 
double barrel, 293, 400 
doubling. 72 
forcing cone, 312-313 
gauges, 315 
maximum range, 270 
pattern, 290-292 
pawder, 35 
recoil, 66, 68-70,72-74, 78 
sabot slugs, 307-308, 
316, 412 
self-defense, 370-371 
shell length, 308-309 
shot penetration, 313-339 
slugs, 305-308, 316 
temperature, 311-312 
tracers, 305 
Wannsee target, 292 
Shotgun pellets 
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deformation, 295-296 
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materials, 297-301 
Maximum range, 301-302 
recoil energy, 75 
recoil table, 74 
size, 294-295. 317 
spreader loads, 296-297 
tracers, 305 
velocity, 309-311 
vertical shots, 38% 
wind deflection, 309 
Sight line, 223, 226, 229-230 
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Sights, 240-242. 413 
adjustment, 284 
handgun, 319-321 
short range sight in, 242-243 
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Smith & Wesson patent, 187, 211 
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413 
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Spheres, 144, 181, 313 
penetration, 339 
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Sporting Arms and 
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Stainless stecl, 86 
Standard deviation, 260-263, 414 
Steel classifications, 81-82 
Stellite, 86 
Stress relieving of steel, 82 
Sulfur, 19, 21-22, 35, 40, 414 
Sulfur dioxide, 37 
Swamped barrel, 312 
Symmetry, 209-210 
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Taped muzzle, 7, 378, 385 
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Target evaluation, 258-260 
terms, 259-260 
Tartaglia, Nicholas, 4 
Temperature, 28-29 
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heat loss, 47 
Rankin, explained, 37 
shotgun, 311-312 
trajectory, 234-235 
Tempering of steel, 82 
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choices, 335-336 
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penetration, 338-339, 346-347 
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flight, 164, 239, 280, 414 
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Torque, 18, 68-69, 414 
Trajectory, 414 
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decaying, 161 
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involved repair and restoration on antique guns from the supervisor's private 
collection. 

Educated as an industrial engineer, he owned and operated his own 
tool-die and machine shop where some of the work was on firearms, 
including big guns for the U. S. Navy. This work included design and 
research on modern shipboard weapons. He has also been trained and 
employed as an airline transport pilot, commercial -instnument-rnulti-engime 
aircraft pilot and gold seal flight instructor. He taught acronautics in both the 
classroom and the air to Naval Aviators during the Vietnam War. 

He is one of many people whose life has been saved by having à 
weapon handy during à bad situation. No shots were fired because the gun's 
presence was enough to convince the criminals to back oft. 

He has degrees in both Industrial Engineering and Aviation 
Science. 

He is married and has adult children and grandchildren. 
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